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PREFACE

_ The concept of using solar energy is not a new one; however, the feasibility of using solar
applications on residential structures has only now come of age. With increased emphasis

being placed in this area, several problems presently exist in our vocational training pro-
grams. . :

Of paramount importance is the need to find quality instructional materials which are .
up-to-date, economical, and easy to use, as well as flexible enough to fit into many types of
programs. ‘

. Residential Solar Systems attempts to solve this problem by presenting highly technical
solar system processes$ in an easy to understand format. The materials are presented in four,
well illustrated units, and the assignment and job sheets are practical and fun to do. This
text is basically designed to supplement other instructional materials and to extend student
skills in areas such as architectural drafting, air conditioning and refrigeration, and plumbing,
yet it is complete enough to serve almost any basic solar program.

Progress in residential solar applicatigps,is crawling dlong at a time when the urgency created

by diminishing fossil-fuel supplies dictates a need to run. We hope that Residential Solar

Systems will help students and put advances in solar technelogy to work in residential
. America. ’ ' .

' Ann.Benson ;
-~ -~ Executive Director : ‘ )
Mid-America Vacational . "

Curriculum Consortium . b
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FUNDAMENTALS OF SOLAR SYSTEMS
UNIT | :

UNI?‘ OBJECTIVE ’ .

- .

After completion of this unit, the student should be able to match types of solar systems
with their applications, solve problems concerning rules of thumb for collector tilt and
collector orientation, and list components of a typical flat plate solar collectbr. The student
should also be able to construct and use a device to measure solar altitude and solar azimuth
and evaluate the use of flat black paint in collecting sensible heat. This knowledge will be
evidenced by correctly performing the procedures outlined in the assignment and job sheets
and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES -

»

v

t

After completion of this unit, the student should be able to: )

1. Match terms related to fundamentals of solar systems with their correct defini-

tions. ,
2. Arrange in order the basic sequence of a solar system operation. - o
3. Match types of sotar systems with their applications. )
4. Circle the words which best,co'mplete statements :conclerning elements of solar -

geometry and their meanings. :

5. Solve a problem concerning rules of thumb for ¢collector tilt.

* ‘e
6. Solve a problem concerning rules of thumb for collector orientation.

. 7. Complete a list of statements concerning compoénents of a typical flat plate
collector. ‘ . l

'8B. Complete a list of statements concerning how the "greenhouse effect" makes
a flat plate collector absorb heat. .

»
.

9. Solvea préﬁlem concerning the efficiency of flat plate collectors. .

10. List two sensible heat storage mediums.

11. Select true statements concerning‘guidelines ft‘r sensible heat storage.

12. Select true statements concerning insolation variables to consider in solar system
planning* - .

. . , Y
- .

13. Determipe collector tilt for specific latitudes." , :
. »

14. Determine collector orientation for speciﬁc situations. .

~

"15. "Demonstrate the ability to:

a. - Construct and use a device to measure solar altitude and solar azimuth.

b. Evaluate the use of flat black paint in collecting sensible heat.
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 they find there. ) '

-B. Information sheet /

FUNDAMENTALS OF SOLAR SYSTEMS
UNIT | !

 SUGGESTED ACTIVITIES

Provide student with objective sheet. Vs
. :

Provide student with information, assignment and job sheets. S

Make transparencies.

Discuss unit and specific objectives.

Discuss'information and assignment sheets.

Discuss and demonstrate the procedures outlined in the job sheets.

“Invite a local or area architect who has designed a solar application to talk to the
class about the advantages and problems with solar systems in your specific locale.

Locate a business or residence in your area where a solar system is in use and in-

vite the person most familiar with the system to talk to the class about its per-
formance. ¢

Chick with your local library, nearby university, or community college to find

books or other literature about solar, and prepare a list so students will know
what reference materials are available in the area.

o
Arrange a Visit to a solar supply house or an area business that manufactures col-
lectors or other solar components and have .studeﬂts make brief reports on what

Arrange to have a representative of your state energy department visit the class

and talk about the status of solar and other alternative energy efforts within
the state. )

Show available films or slide presentations about solar systems.

g

Gjve test.
H e

- -

INSTRUCTIONAL MATERIALS

Included in this unit:.

A. Objective sheet

- .




C. Transparency ;_nasters
1. TM 1--Liquid Heat Storage Options
2. TM 2-Rock-Bed He:at Storage Unit
™D. Assignment sheets
1. Assignment Sheet #1--Determine Collector Ti}t for Specific Latitudes

2. Assignment Sheet #2--Determine Collector Orientation for Specific
- Situations

E. Answers to assignment sheets
& F. Job sheets ~

1. Job Sheet #1-Construct and Use a Device to Measure Solar Altitude
and Solar Azimuth 0

2. Job Sheet #2--Evaluate the Use of Flat Black Pamt in Collecting
Sensible Heat )

G. Test

H. Answers to test

1. References: .

s A. Solar Energy Systems. New York, NY 10174: Copper Development Associa-
‘ tion, Inc., 1979. .

B. Solar Energy Applications Laboratory, Colorado State University. Solar
Heating and Cooling of Residential Buildings, Design Systems. Washington,
D.C. 20402: U.S. Department of Commerce, 1977.

« C. Passive Design Ideas for the Energ) Conscious Consumer. Rookville, MD
. 20850: National Solar Heating and Cooling Information Center, 1979.

D. Solar Energy Project, Earth Science Act/vmes. Washington, D.C. 20545: U.S.
Department of Energy, 1979. N >

1. Additional references:

(NOTE: These materials would be beneficial as supplemental teaching aids and
., canbe obtauged by'writing the below listed addresses.)
A. Solar Science Projects. D.S. Halacy, Jr.; Scholastic Book Services, 900 Sylvan
Ave., Englewood Cliffs, NJ 07632

B.‘ Energy Primer. Portola Instltute Whole Earth Truck Store 568 Santa
Cruz Ave., Menlo Park, CA 94025,

C. Direct Use of the Sun's Energy. Famngton Damels Ballantine Books,
Inc., 457 Hahn Rd., Westminster, MD 21157. : :




~ @

D. Ene:yy for SurVival. Wilson Clark (1974); Doubleday & Co Inc, 277
Park Ave., New'/ork NY 10017.

E. Solar. Energ and She/;er Design. BfIJC An'derson (1973); Total Environ-
mental Act.J Church Hill, Harrisville,<NH 03450. :

F. ’So/ar Eneryy for Man. B.J. Brinkworth 51973); John Wiley & Sons, Inc.,
One Wiley Dr., Somersét, NJ 08873. " :

y .

G.  Illustrated So/ar Energy Guide Qf Flat-Plate Collectors for Practical Home
_ Application. E.l. & . Assomates P.O. Box 37, Newbury Park, CA 91320.
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. S " FUNDAMENTALS OF SOLAR SYSTEMS
o UNWI | a
Al - ’ / ! - . ¢
) e . INFORMATION SHEET ‘. . . 3
I. -.Terms and definitions =~ — ’ \
DAL Absorptivity-The ratio of blar energy absorhed by a surface compared
"« . tothe total amount of solar eneggy striking the surface ,
. 'w'. K L -’ ~ S " . » ™ B} -
. B.- ‘Gﬁazing-;GIass panes or, plastic sheets used to cover solar collectors
‘ : é Greenhouse effeét‘--"l"he tendency. of some transpartent materials, such as
- glass, to both transmit and block radiation, resulting in both direct and
indirect heat gain -
. Example: Suntight shining into a room through a glass window pro-
' duces a direct heat gain.to the immediate area the sun's rays
| b ) strike, but the radiation is absorbed and stored and also-. ~
' results in an indirett heat gain to adjacent spaces ,
‘ " [
D. Heat transfer--The transfer of heat from)one substance or region to another
. : Y .
E. Sensible hea'}«Heat that.cap be physically felt oL "sensed" or absorbed by a
liquid or solid mass _ :
k P - . ‘
o F. Thermal mass--The potential heat storage capacity of a given substance
- or system .
L . ‘ G. Insolation-The total solar energy received at any given point on the earth's
k surface v
H. #Bfuse radiation-Portions of the ;}Y'adiation diffused or scattered
g by atmospheric patticlé$, clouds, and pollutants; atcounts for about 45% of

total insolation on a bright, clear day - @
I Direct radiation--The remainder of radiation not reflected, absorbed, or
diffused that passes more or less directly to the earth's surface from the sun

J. Btu-British thermal unit; the ameunt of heat required to raise the tempera-
ture of one pound of water one degree Fahrenheit _
. . \
K. Infrared rays-Long-wave rays in solar radiation that chraracterized
by their heating effect when they strike a surface on the earth :

L. Reemit-The tendency of a material or substance to discharge infrared
rays which it has absorbed ; some#imescalled re-radiation h)

Il.  Basic sequence of a solar system operation ‘ t s
. ‘ A. Auvailable energy must be collected . ~
S B.  Collected energy must be stored ' ‘
) . \ ) ’ C.  Stored energy must be distributed .
. ) ~
. - 1
. o Z
L J 2
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INFORMATION SHEET, '

Types of solar systems and their agications

A. Active system--A solar heating or cooliﬁg system that uses external mechan-
ical power to move or store solar heat

B, Passive system-A solar heatjag or cooling system that does not use external
mechanical power to(move store solar heat ’

C. Hybrid system--A solar Heating or cooling system which- combines both
active and passive systems .

Elements of solar geometry and tbei; meanings (Figure 1)

.

A. Solar altitude--The angle of the sun's posjii_czili/ntﬁ@sky with réespect to the
earth . .

- . .
B. Solar azimuth--The position of the sun with respect to compass directions

(NOTE: Because solar altitude and solar azimuth vary with each day of the
year according to latifude, the elements in combination affect both tilt angle
and orientation of solar collectors.)

FIGURE 1

SPRING/FALL -
EQUINOX

WINTER
SOLSTICE

HE ‘
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. , /" INFORMATION SHEET ' \
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V. Rules of thumb forcollector tilt (Figdre 2) : '

A. To collect the most radiation in wmter tilt the collector atan angle equal to
the latitude plus 15 degrees

. -

& . | B. To collect the most radiation in summer, tilt the collector at an angle eq.(‘lal'
to the latitude minus 15 degrees
L 4 .A
] C. To-collect the most radiation averaged over the year, tllt the collector a'% an
o 9 “angle approximately équal to the latitude .
FIGURE 2 .

*

< SUMMER

CONDITIONS M

. ‘_1.
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INFORMATION SHEET

Rules of thumb for_ collector orientation ,v' '

A. In winter, a south-facing orientation receives more radiation than a southeast
or southwest orientation

B. In summer, a south-facing orientation receives slightly less radiation than a
south-southeast or a south-southwest orientation

C. In areas that experience morning haze, peak collection may be expenenced
by a collector which faces 10 to 15 degrees west of south

Components of a typlcal flat plat§ collector (Flgure 3) '
A. Flat plate collectors typical!y’ usl liquid as the heat transfer medium

| N “
B. Flat plate collectors typibalivf have blackened copper metimes other
metals) absorber plates with an integrated or attached array of copper tubes

C. Beneath the absorber plate is an insulating material that retards Ioss of the
absorbed heat through the back of the collector panel

FIGURE 3 - _ '

+———DUTLET

GLAZING
COVER

COPPER
ABSORBER
PLATE

COPPER TUBES

THERMAL
“BREAK BETWEEN
COLLECTOR

..........

NsuLaTioN  AND ABSORBER

Courtesy Copper Déevelopment Association Inc.
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INFORMATION SHEET

VIII. . How the "greenhouse effect" makes a flat plate collector absorb heat

A. In order to collect as much energy as possible, collectors are often covered
with a glazing material of glass or plastic which are highly transparent to
incoming solar radiation

B. These covers serve as insulation over the absorber plate and keep convectwe
heat losses down

+ C.  Since glass or certain plastics are vi
infrared radiation, the radiation
phenomenon in known as the "gree

paque to the outgoing long-wave
d inside the collector and this
se effect"”

+

. "
Example: Greenhouses function because of the effect, but on a larger

scale, the earth itself creates a "greenhouse effect” by absorb-
i ing solar radiation and turning it into longer wavelength
infrared rays; these longer infrared rays canndt easily pass
back through the atmosphere into space because: certain
substances, like carbon dioxide and water in the atmosphere,
absorb them; when thls energy is prevented from escaping
. back into space, the "greenhouse effect" occurs.

.
- N \ . .

1X. Efficiengy of flat plate collectors

' W, In*a coliector with a flat black absorber plate without glazing, much of the
radiation absorBed by the absorber plate is re-emitted or-lost from the top
surface and sorpe is lost through the back insulatiqn (Figure 4) _

[ 2 . .

- FIGURE 4 : ~
: L CONVECTIVE &

RADIATIVE .
HEAT LOSSES

* REFLECTED
. FROMPLATE

COLLECTED

HEAT
- THROUGH

N INSULATION
. ABSORBED
RADIATION

N\
FLAT BLACK ABSORBER PLATE
. WITHOUT GLAZING

RS-11

Sy



"

INFORMATION SHEET

In a collector with a flat black absorber plate with glazing cover, the radia-
tien absorbed by the black plate is re-emitted as in the preceding collector,
but the glass cover blocks loss of the re-emitted radiation to the outside;
there is some loss through conduction and convection, but more heat is

retained with a glazing cover (Figure 5)
FIGURE §

CONDUCTED &
CONVECTED HEAT

REFLECTED
FROM GLAZING

COLLECTED
HEAT

RE-EMITTED FROM PLATE
~REFLECTED FROM PLATE

ABSCRBED THROUGH INSULATION

RADIATION

FLAT BLACK ABSORBER PLATE
WITH GLAZING COVER

In a collector with a selective surface absorber‘)ith gl8zing cover, a very thin
layer of selected material is applied to the top of the absorber piate; since
the layer's thickness is approximately equal to the wavelength of the in-
coming solar radiation, the selective surface re-radiates much |ess absorbed
energy and is more efficient than other types of collectors (Figure 6)

FIGURE 6

~— CONOUCTED &
CONVECTED HEAT -

REFLECTED
FROM GLAZING

COLLECTED
HEAT

0
RE-EMITTED FROM PLATE
REFLECTED FROM PLATE

RADIATION THROUGH INSULATION
SELECTIVE
F .
SoRFACE SELECTIVE SURFACE ABSORSER
WITH GLAZING COVER

‘ Courtesy Copper Development Association Inc.
.
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X. Sensible heat storage mediums

=3

A.  Water
B. Solid materials such as rock, brick, or adobe

(NOTE: Sensible heat storage is related to the principle of unit heat capacity
and the amount of energy required to raise the temperature of a unit volume
of a given substance 1°F; although latent heat storage working on the princi-
ple of changing the physical propertiés of a substance would afford smallet
solar storage, it is not treated in this unit because the field is still highly
experimental; eutectic salts are utilized in latent heat storage, but mearr of,
establishing their stability are still being examined.)

Xl. . Guidelines for sensible heat storage '

A. The capacity of sensible heat storage materials is equal to the specific heat of
.the material times its density (Figure 7)

i Example: Water has a specific heat of 1.0 and a density of 62.5 Ib./cu.
) " . ft.; therefore, one cu. ft. of water will rise in temperature 1°F
. . when 62.5 Btu is applied . .
'Y FIGURE 7 e i

wwm'

Specific Heat Dtnslty'
i ﬁ'uiu_f\_ /A NoVoids MV . :
wmr 1.0 62.5 62.% (62.5)

col - ‘
- Bé: Mlxtuto
.8 64.1 51

36
Scrap lron 112 489 65 38
~ Maqmtm' 165 320 53 7

Scrap Aluminum 215 168 ' 36 25
o Concrete 27 140 a3 . 28
Rock {Sasatt) .20 180 36 25
Brick ! 2 140 28 20
Rock Sait (NaCl) N )
. {30-70% by weight at 230°F ) 219 136 30 2
[ - . ‘ '
. Courtesy Copper bevelopment Association Inc.
) . .
‘ «
. A
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t

B. Liquid storage materials are most commonly used with liquid flat plate

collectors .

C. Solid storage materials are most commonly used with air flat plate ;ollectors

.D. A larger volume of solid materials is required to attain the same amount of
heat Storage as water because the specnflc heat is much lower for solid
materials than far water

E. With solid storage materials, an additional allowance must also be made for
the circubation of air around the materials to facilifate heat transfer; this
requires a solid-to-void ratio

F. A common solid-to-void ratio for solid sensible heat storage materials is 70 -
percent soInd to 30 percent void

(NOTE: This means that solid heat storage-volumes will be two to three
times liquid heat storage volumes for the same storage capacity; greater fan
motor horsepower is also required to circulate air through a solid storage
medium, and larger ductwork is required; these items become important
design considerations when selecting a system.) -

G. Liquid systems frequently use storage containers made of pre-cast concrete,
concrete block, pressurépreserved wood, or rammed earth, and most site-
built storage. tanks have “lexible liners to prevent leaks {Transgarency 1)

H. For liquid storage, the most appropriate storage size is 1 1/2 gallons of water
per square foot of collector ’

I.  Rock-bed storage should be sized to provide 50 to 100 pounds of rock per
square foot of collector, and the rock size should be .75 to 1.5 jnches; these
sizes insure that the interior of individual rocks can be heated and a good
heat flow maintained

,
-

J. Rock-bed storage*bins can be constructed of wood or pre-cast concrete,
but they should be properly sized, insulated, waterproofed against the
intrusion of ground water, and sealed with a sealant that will hold up in the
high operating temperatures (Transparency 2)

Insoldtion variables to consider in solar system planning

A. Latitude--Over the course of a year, latitude has the greatest single effect on
insolation received at any location . .
B. Cloud cover--Brings about the greatest day to day variation in msolatlon
at any particular locality, and is the least predictable of any of the tnables .
“C. Atmospheric turbidity--Haze, smoke, fog, or dust that contributes to the
reduction in the transparency of the atmosphere and a reduction in insola-
- tion

- L4 ' L

'



v

INFORMATION SHEET

D. Altitude-Increased altitude increases the amoﬁ’nt of insolation received

E. Obstluctions--NeaBy trees and tall buildings can block off the direct rays of 1
sunlight during part of the day, and even if they do not directly block the -
rays, they may interfere with diffused radiation that would otherwise be ,
received > *
I3 ’ , .

F., Orientation of the land surface--It is good to.remember that most insolation
data is for a horizontal surface; planning for sloping sites requires appropri-
ate modifications in data, especially if the slopes are north-facing '

é
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Rock-Bed Heat Storage Unit
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Rigid Insulation Bond Beam Block

Courtesy U.S. Department of Energy
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FUNDAMENTALS OF SOLAR SYSTEMS -
UNIT |

ASS[GNMENT SHEET #1--DETERMINE COLLECTOR
TILT FOR SPECIFIC LATITUDES

Determine collector tlLt for an application designed to collect the most radiation in
winter at a Iatltude of 40°N ¢

|
Anwver v

Determine collector tilt for an application designed to collect the most radiation in
summer at a latitude of 32°N

Answer ., N

Determine collector tilt for an application designed to collect the most radiation
averaged over the year at a latitude of 36°N - . o

Answer
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. FUNDAMENTALS OF SOLAR SYSTEMS
UNIT1 "

ASSIGNMENT SHEET #2-DETERMINE COLLECTOR ORIENTATION -
FOR SPECIFIC SITUATIONS .

-
by

A. For an application designed to coflect the most radiation in winter, should the coIIec

|
tor be onent cing south, southeast, or southwest? »
% : . g
Answer .

\

B. For an application designed to colléct less radiation in summer, should the colleq:tor be
oriented facmg south, south-southeast or southsouthwest?

-

Answer

’

C‘, For an application in an area that’ experiences momlng haze, should the coIIector
- be oriented due south or 10 to 15 degrees west of south?

)

2

Answer

RS-23



FUNDAMENTALS OF SOLAR SYSTEMS
UNIT | .

?

SWERS TO ASSIGNMENT SHEETS

South ..
10 to 15 egrees west of south




FUNDAMENTALS OF SOLAR SYSTEMS

UNIT |
. JOB SHEET #1--CONSTRUCT AND USE A DEVICE TO MEASURE
- . SOLARALTITUDE AND SOLAR AZIMUTH *
I T-ools and materials
-/ A.  Small pegboard |
. 3/8-inch wood dowels
C. Magnetjc compass ) V . |
. D. Bubble level ,
E. Clock or watch E
F. Paper and pencil ’
~ G. Straightedge
H. Protractor

B.

*k Procedure .

A.

Locate the mid-point of one long edge of the pegboard

Place the dowel into the hele six rows in from the mid-point
Place a piece of paper on the board by pushmg it down over the dowel
(Flgure 1) .

.~ [

Remove the paper from the board

Draw two lines on the paper so that both lines pass through the center
of the hole with one line parallel to the long side of the paper and one line
parallel with the short side of the paper {Figure 1)

(NOTE: These two lines should be perpenducular to each other, at nght
angles or 90° ) L :

o

Mark the ends N-S, E-W to show compass directions to use in Immg the
board (Figure 1) ,

Set the board m’a horizontal position where it will receive the dlrect rays of
the sun most of the day ) .

El

29




) B JOB SHEET #1

"

H. Align the board sts as shown in Figure 1 ~

FIGURE 1

SUNS RAYS

T ™A NORTH

. BOARD -
. { Courtesy U.S. Department of Energy
K I Use the bubble' level to check that the board is level; if needed, level the

. board \

' J. Measure and reco;i the height of the dowel above the top surface of the
board ) 9

f

K. Begin at zero minufes, and at each 15 minute intei'val, draw a line on the
paper-showing the QOsition of the shadow

e’
(NOTE: Be careful to mark the end of the shadow accurately; since positions

of the shadows are needed throughout the day, students-from other classes
may have fo work with previously collected data.)
L. Record the time and date for each shadow drawn

(NOTE: The time should be in increments of 15 minutes.)

\
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‘ ' ' JOB SHEET #1

M. Measure the an&lés of solar altitude and solar azimuth with the following
procedure: -

1. The first angle is the angle between the shadow (s) on the paper'and the
slanting angle (H) of the triangle as showr in Figure 2; this angle is
called the solar altitude K . - '

_ FIGURE 2 '

™

® SUNS RAYS

& *

-

SHADOWI(S)~_ I A ' r

" Courtesy U.S. Department of Energy .

N 2. On a separate sheet of paper, draw a right angle triéhgle so that the
. » vertical $ide is equal to the dowel height ad the horizontal side is:ggual
to the shadow length A

+
4

3. Draw:line (H) and measure angle 1, then record date, time,'and altitude
of the sun, jn degrees, on the diagram

4. The second angle tells how much east or west of the N-S line the
sun is; this angle is called the solar azimuth {Figure 3) .

. " FIGURE 3 L

Courtesy U.S. Department of Energy




JOB SHEET #4 .

5. Measure angle 2, and record it directly on the apparatus . P

(NOTE: Angle 2 in Figure 3 should be recorded as’ approxnmately
30°'W because the actual position of the sun is west which causes
the shadow to be cast to the east; if the actual position of the sun were
in the east and the shadow fell the same number of degrees to the west,
angle 2 in Flgure 3 would be recorded as 30°E; remember that the
actual position of ;he sun is the directional reference for the solar
azumuth )

Prepare a data table for the sun's positions, and enter the information
in the following chart:

. P 5 A
.
- .

Sun's Altitude - Sun's Azimuth '
Time - in degrees ' in degrees




) RS-31
\ A\
i ’ °
JOB SHEET #1
4 ’ " . ;‘ ‘ 5!
‘0. Refer to your data to answer the following questions:

1. At what time of day is the sun's shadow shortest?

2. What does this mean? - ;

3. If you wanted to collect the most energy from the sun, how would . -
you position a solar collector? ,

4. Since most collectors are fixed, which direction should a collector

' in your area face for best year-round performance?
(NOTE: Consider when you are likely to need the most heat.)
° 5. Could ybu use your collected data for helping determine the best
window placement for a home in your Io‘cale? ’ .
* ]
+ 6. Explain your answer to question 5.
. . ' .
A T
/. ’ ) ‘
T T T T T AT T e - DA - T T T -
/
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) . © . FUNDAMENTALS OF SOLAR SYSTEMS//-/\

o UNIT |
®
. JbB SH.E’ET #2-EVALUATE THE USE'OF FLAT BLACK PAINT
s IN COLLECTING SENSIBLE HEAT
- . ) - L ' _g"‘
I. © Tools and materials "
A.  Small can of flat black paint ‘
’ B. Paintbrush - i
; ’ C. Paint thinner for cleaning brush
.., /7 D. Clean towel
' -E.  Two 3-pound coffee cans, with plastic lids
F. Thermometer
Il.  Procedure . ' ]
) . v . ~
. . . Paint the outside of one of the coffee cans and plastic lids with flat black
A paint and allow the paint to dry .

B. Fill the two coffee cans'almost full with equal amounts of water and put the
g " lidson : '

C. Place the two cans in direct sunlight far enough apart that one will not shade
- the other

N i D. Allow the two car to sit in direct sunlight for at least four hours

. E. Record the outdoor temperature at the end of the testing period

-~

F. Take thetwo cans inside, remove the lids, and check the temperature of the
water in each can

Unpainted can Painted can -

G. Express the value of the addition of flat black paint to the one can by
comparing .the water temperature inside the two cans; the addition of flat
black paint affects collection and storage of sensible heat (circle one)

Not at all | * Enough to notice : Significantly ¢

-

‘ (V H.  Clean work area and discuss your findings with your instructor .
\ )
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FUNDAMENTALS OF SOLAR SYSTEMS
UNITT 1

Id

NAME :
TEST

1. Match the terms on the right with their correct definitions.

a. The ratio of_ solar energy absorbed by a 1. Insolation
surface compared to the totalamount of solar

energy striking the surface 2. Absorptivity
- b. Glass panes or plastic sheets us to cover 3. Sensible heat
solar collectors
c. The tendency of some transparent) materials, 4. Glazing
such as glass, to both transmit and block
radiation, resulting in both direct and indirect 5. Greenhouse effect
heat gain _
, 6. Direct radiation
. - d. The transfer of heat from one substance
or region to another 7. Thermal mass 5
e. Heat that can be ughﬁ@rcally felt or "sensed" 8. Diffuse
or absorbed‘by a liquid or solid mass radiation
A | -
f. The potential heat storage capacity of a given 9. Heat transfer
\ substance or system
10. Reemit
g. The total solar energy received at’any given ,
point on the earth's surface i 11. Infrared rays

h. Portions of the sun's radiation diffused 12. Btu
~— or scattered by atmospheric particles, clouds,
and pollutants; accounts for about 45% of
4 | totalinsplation on a bright, clear day X -

. ‘ i. The remainder of radiation not reflected,
absorbed, or diffused that passes more or less
directly to the earth's surface from the sun

. __j. British thermal unit; the amount of heat
required to raise the temperature of one
pound of water one degree Fahrenheit . : »

-~ T~ =7 k. Tongwave.rays in solar radiation that are
characterized by their heating effect when
they strike a surface on the earth

. The tendency of a material or substance to
discharge infrared rays which it has absorbed:
sometimes called re-radiation .

e TN




* e—

Arrange in order the basic sequence of a solar system operation by placing the
correct sequence number in the appropriate blank. J

a. Collected energy must be stored

b. Stored energy must b’e distributed

c. Available energy must be collected |

- ’

Match the types of solar systems on the right with their correct applications.

a. A solar heating or cooling system that uses 1. Hybrid system
external mechanical power to move or store - f
solar heat - . 2. Active system

b. A solar heating or cooling system that does . 3 Ppagsive system

not use external mechanical power to move or
store solar heat

c. A solar heating 'or cooling system which
combines both active and passive Systems

Circle the words which best complete thé\follgwing statements co'nceyning elements .
of solar ggometry and their meanings. - -
L R LY .
a. Solar altitude--The angle of the sun's position in the sky with respect to (compass
directions, the earth), ) . -

b. Solar azimuth-The position of the (sun, earth) with respect to compass direc-
tions -

Solve the following p;:tglém concerning rules of thumb for collector tilt; A solar
system at 42°N latitude needs a collector that will collect the miost radiation during,

winter months. What would be fhe best collector tilt? . . .
N\
k ! /‘
————_ - T ' -

Solve the following problem coneerning rules of thumb- for. collector .orientation:
A south-facing collector is not collecting enough winter radiation; an inspection
of the collector indicates all components are in good shape; what would best solve the
problem? ' ' .

.~ ’ -
|

¢ .
Complete the following list of statements concerning components of a typical flat plate
collector.

a. Flat plate collectors typically use liquid as the

b. Flat plate collectors typically have ' absorber plates with
an integrated or attached array of copper tubes «

c. Beneath the absorber plate is ap insulating material that retards loss of the ab-
sorbed heat through the back of the
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.

8. Complete the following list of statements concerning how the "greenhouse effect" -

‘ @kes a flat plate collector absorb heat.

a. In order to collect as much energy as possible, collectors are often covered with a
glazing material of glass or plastic which are highly transparent to incoming

b. THgse covers serve as insulation over the absorber plate and keep
. down

. P

c. Since glass or certain plastics: are virtually‘opaque to the outgoing long-wave
infrared radiation, the radiation is trapped inside the and
this phenomenon is known as the "greenhouse effect"”

9. Solve the following problem concerning ‘the efficiency of flat plate collectors: In
) planning a solar system installation, it is found that collectors with‘a selective surface
" absorber with glazing cost very little more than collectors with flat black absorber
plates with glazing; which type of collector should be chosen for the system, and why?
- . o7

'

e

4 . ) 7

- 10, I;ist two sensible heat storage mediurgs. ) }

]
-

S

—

11. Select true statements concerning guidelins.'for sensible heat storage by placing

an "X™in the appropriate blanks. < .

:_a. The capacity of sensible heat storage materials is equal to the specific heat of
the material times its volume
: ’ ‘ 1 L
. b. Liquid storage materials are most commonly used with liquid flat plate’

- collectors L .

{ ‘ : v
c.” Solid storage materials are most commonly used with air flat plate coltectors 7

d. A darge vofume of solid niaterials is required to attain the same amount of® .
héat storage as water because the specific heat is much higher for solid ’
materials than for water 3

-

e. With solid\ storage materials, an additional allowance must be madge for the

*+

* circulation of air around the materials to facilitate heat transfer; this requires .

. -~ asolid-to-void ratio - ‘ .
| f.- A commion solid-to-void ratio for sdlid sensible heat.storage materials is 70 '
, c _percent solid to 30 percent void - - : .

. . . .
g. Solid systems ‘frequently use storage containers made of pre-cast concrete,
) concrete block, pressute-preserved wood or ram earth, and most site-

' built storage tanks have flexible liners to prevent ledks ) ) ‘.

()
qi
I




h. For liquid storage, the most appropriate storage size is 142 gallon of water
| _ per square foot of collector -

' i. - Rock-bed storage should be sized to provide 50 to 100 pounds of rock
per square foot of collector, and the rock size should be .75 to 1.b-inches;
these sizes insure that the interior of individual rocks can be heated and a
.. good heat flpw maintained

| j. Rock-bed storage bins can be constructed of wood or pre<cast concrete,
e but they should be properly sized, insulated, waterproofed against the

intrusion of ground water, and sealed with a sealant that will hold up in the
- high operating temperatures

12. Select true statements concerning insolation variables to consider in solar system
planning by placing an "X" in the appropriate blanks.

+ Latitude--Over the course of a month, latitude has the greatest single effect
on insolation received at any location

b. Cloud cover=Brings about the greatest day to-day variation in insolation
at any particular locality, and is the least predictable of any af thewanables

c. Atmospheric turbidity--Haze, smoke, fog, or dust that contributes to the
reduction in the transparency of the atmosphere and a reduction in insola-
tion

d. Altitude--Increased altltude decreases the amount of msolaﬂon received

e. Obstructions--Nearby trees and tall buildings can block off the dlrect rays of '
sunlight during part of the day, and even if they do nqt. directly block the
rays, they may interfere wuth diffused radlatlon that would otherwise be
received

f. Orientation of the land surface-It is good to remember that most insolation
data is for a vertical surface; planning for sloping sites requires appropriate
modifications in data, especially if the slopes are south-facing

. Determine collector tilt fo; specific latitudes. ' . o
Determine collector orientation’ for specific situatiqns.

Demonstrate the ability to:

a. Constructand usea device to measure solar altitude and solar azimuth.

b. Evaluate the use of flit black paint in collecting sensible heat. -

(NOTE If these activities have not been accomplished prlor to the test, ask your
instructor when they should be completed )
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FUNDAMENTALS OF SOLAR SYSTEMS
UNIT |
ANSWERS TO TEST
\ ) . A}
1. a. 2 e 3 i. 6 )
b. 4 f. 7 . 12 - !
c.,' 5 g 1 k. 1
d 9 h. 8 R 10
2. a .2
b. 3
) c. 1 )
3. a. 2
b. 3
c. 1
4. a. Theearth
b. Sun : .
5. 57° - - X
f ) A ‘
’ . 6. Reorienting the collector to the southeast or southwest
7. a. Heat transfer medium ..
b. Blackened gcopper /
' c. - Collector panel
8. a. Solar radia;ion
/ b. ‘' Conwective heat losses —

. ¢ Collector
9. The coliectors with selective surface absorbers should be chosen because they are the
most efficient and the slight difference in cost will be justified by collector perfor- .
marice ' -

10. a.  Water X "
'b.  Solid materials such as rock, brick, or adobe

. 11. b,c,e,f,i,j’
12. b,c, e

3
4

. 13. Evaluated td the satisfaction of the instructor

14. Evaluated to the satisfaction of the instructor

+

. 16. Performance skills evaluated to the satisfattion of the jnstructor

S

‘ ey
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. N ACTIVE SOLAR HEATING SYSTEMS ¢ '
UNIT I
- kS
, UNIT OBJECTIVE

After completion of this unit, the student should be able to discuss basic solar systems used
for domestic water heating and space heating, and list the functions of heat pumps in active
solar heating systems. The student should also be able to solve problems concerning solar

domestic water heating and solar space heating and be able to construct @ working model .

solar water heater. This knowledge will be evidenced by correctly performing the procedures
outlined in the assignment and job sheets and by scoring 85 percent on the unit test.

'. y - ° U
SPECIFIC OBJECTIVES

After completion of this unit, the student showd be able to:

1. Match terms related to active splar heating systems with their correct definitions.
. o0 : A

2. Complete a‘I‘ist of statements concerning characteristics -of a thermo-syphon
domestic hot water system:

3. Circle the words which best complete statements concerning characteristics
of a pumped circuigtion*‘domestic hot water system with heat exchanger.

4. Select true statements concerning characteristics of a pumpeéd circulation domes-
: tic hot water system wit'h freeze control. '

5. Select true statements concerning characteristics of a pumped circulation domes-*
+ tic hot water system with draindown. 4

. t
- 6. List two arrangements for domestic hot water storage tanks.

7. Complete a list of statements concerning characteristics -of dual domestic hot

water tanks. ] .

¢
s

»

), 8 Circle the words which best complete statements concerning characteristics
of a single storade domestic hot water tank. o

9. Select true statements concerning characteristics of a combined solar space and
domestic hot water system.
10. Coa{nplete a list of statements concerning charact'eristics‘ of a water collection,
water storage, air distribution space heating system.
11. Distinguish between a series configuratidn and a parallel configuration in wéter,
. collection, water,storage, water distribution space heating systems. .

12. Complete a list of ways radiant panels are used in water collection, water storage,
water distribution space heating systems. .




“26. Solve problems concerning-solar space heating systems.

13. Select true statements concerning characteristics of an air collectlon solid ma-
terial storagg, air distribution space heating system. - - ;. ]

L AN

14.\€omplete a list of characteristics of water collection, water .storage, heat pump
istribution space heating systems. \

15. Distinguish between an air-to-air heat pump and a water-to-air heat pump func- J
tion in a solar space heating system. .
™~ .’ 0
16. Select tue statements concerning steps in the operation bf an air- to-alr heat pump
in a solar heagmg system.

#M7. Select true statements congerning steps in the operatlorf of a water-to-air heat

% pump in a solar heating system. ;

w

18. Circle the words which best complete!tatements concerning desugn consuderatuons
for piping systems. \

3

. ” . . . o . .
19. Select true Statements concerning desugn conslderatlons for corrosiol protection.:
204 Llst four other oonsuderatlons for corrosion grotectlon

2"%!)”2 a problem concerning design considerations for collector cover glazmg
L4 .
22. Complete a list of statements concerning requnrements for absorber plate insula-
tion,

) - , .

¢ 23. Solye a problem concerning high temperaturg protéction and its applications.

24. Complete a list ofétatements concerning rules of thumb fof circulating pumps’
and solar system controls. . v )

25. Solve problems concgrning solar domestic water heating $ystems.

-

27. Deéemonstrate the ability to construct a working model solar water heater, ) -

- . 1
.

~ :

M

- 11 ¥
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ACTIVE SOLAR HEATING SYSTEMS
UNIT I

NEXS -
. B

SUGGESTED ACTIVITIES

il Provide student with information, assignment, and job sheets. h

.

1

I, Provide student with objective sheet.

1. Make transparencies.’

L ©

IV.'\ Discuss unit and specific objectives.

‘

« V. Discuss information and assignment sheets.

vi. Discuss and demenstrate the procedures outlined in job sheet, ’

1.7 Send for a copy of Solar Energy Systems to use as a teaching aid,:'w;ite to:

g Copper Deve{opmenf Association, Inc,
* % 1011 High Ridge Road '

Stamford, CT 06905 - .

(NOTE: Much of the information and many of the illustrations in this unit

were taken from this publication.) Y, ’ :
VIII. Have a local or area architect who has designed a solar system bring the plans to

- class and discuss planning precedures, system selection, system installation, and
system maintenance. fo R

{ IX. R'ea‘d Jc;b Sheet #1 carefully and arrange to borrow the required chemical glass-
. ware and support equipment from a local high school or college chemistry depart-
nient. . T

X. klave a solar dealer bring a solar collector to the classg'oom, talk about its compo-
nent structure, and demonstrate its efficiency.

Xl Invite a solar systems dealer to bring solar components such as valves, solenoids,
sensors, and dampers to class and talk about their fabrication requirements and
their functions within a solar system. :

) Y

XII. Give test. ‘ hd

¢ -INSTRUCTIONAL MATERIALS
\ -

|
i

I. Ihcluded in this unit: ) _ '

A. Objective sheet

> «
B. Information sheet
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Transparency masters ‘ ) \
TM 1--Pressurized Thermo-Syphon DHW System

-

2. TM 2--Pumped DHW System with Heat Exchanger

3. ™™ 3--Pregurized Pumped DHW System with Freeze Control
4. TM 4--Pumped Circulation DHW System with Draindown

5. TM 5--Dual DHW Storage Tanks s
6., TM 6-Single DHW Storage Tank ’

7. TM 7--Combined Solar Space Heating and DHW System
8

TME -Water Collection, Water Storage, Air Distribution Space Heating
System

©

TM 9-Water Collection, Water Storage Water DIStI’IbUtlon Space
Heatlng System

10. TM 10--Water Coltection, Water Storage, Solar Radiant Heating

11. TM 11--Air Collection, Solid Material Storage Air Distribution Space
Heating System "B .

12. TM 12-Water Collection, Water Storage, Air-to Air Heat PJmp Distri-
bution Space Heatlng System

-

13. TM 13-Water Collection, Water Storage, Water-to-Air Heat Pump
* Distribution Space Heatlng System

Assignment sheets

1. Assignment Sheet #1--Solve Problems Concernmg Solar Domestic
Water Heatmg Systems

2. Assi‘gnment Sheet #2:Solve Problems Concerning Solar Space Heating
Systems .

Answers to assignment sheets
Job Sheet #1--Construct a Working Model Solar Water Heater

Test

Answers to test

References: ¥

Solar Energy Systems. New York, NY 10174 Copper Development Associ-
ation, Iinc., 1979.

Sheet Metal and Air Conditioning Contractors National Association. Funda-
mentals of Solar Heating. Washington, D C. 20545: U.S. Department of
Energy, 1978.
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C. Solar Energy Applicél*ons Laboratory, Colorado 'State University. Sofar
Heating and Cooling of Residential Buildings, Sizing, Installation, and
Operation of Systems. Washington, D.C. 20545: U.S. Department of Energy,

1977. ‘

D. Solar- Energy Project, Reader. Washington, D.C. 20545: U.S. Deparfment
of Energy, 1979. .o
g;‘J i, ' s
E. Solar Energy Project,Text. Washington; D.C..20545: U.S. Department of
Energy, 1979. o

F. Solar Energy Project, Earth Science Activities. Washington, D.C. 20545: U.S.
Department of Energy, 1979. '
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"~ ACTIVE SOLAR HEATING SYSTEMS
UNIT 11

INFORMATION SHEET

Terms and definitions

A,

- Aggressive water--Highly mineralized local water supplies that have high

levels of dissolved sulfates and chlorides and high PH values

DHW/-{)omestic hot water -

Thermo-syphon--The circulatiop of water between a tank and a collector
maintained by the natural convection currents that are set up when water is
heated ‘

eat ex'changer--A device that absorbs heat and then releases it to completé
tAe heat transfer process \ '

Toxjc--Containing poison

Nongoxic--Free of poison

‘Lodp--A pipe configuration designed to complete a Iiduid flow from one

given point to another with interconnections among components in a system
L)

Solenoid--A valve which mechanically or electronically starts, -stops, or

divefts flow.in a system "o )

Sensor--A device which functions as a thermostat.to detect chahges in
temperature; its on-off functions can be set for minimum low or maximum
high temperaturés :

One-way check valve--A valve which permits flow in one direction only
and prevents flow back to the source

Tandem --Working side by side or-together

Auxiliary storage--A standby or backup storage facility that permits storage
of hot water that exceeds the capacity of the prime or system storage facility

Auxiliary heat--A standby or backup gas or electric heating system pro-
grammed to automatically maintain heating load requirements when the
solar system fails to meet the required load demands -

1
f

Heat sink--Body which i$ capable of accepting, storing, and releasing heat

Corrosion--The eating away or wearing away of metals, especially metals in
contact with chgmicals

Dissimilar metals--Any two metals that have different properties
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INFORMATION SHEET g

Electrolysis--An electro-chemical reaction that causes detenoratlon when
two dlssmllar metals come in contact

Dlelectnc--An electric insulator used to control electrolysls at pomts where
dissimilar metals meet .

Closed system--A solar system into which no air penetrates or from which no
air can be expelled -

Open system--A solar system |nto which air can penetrate or fgn which
air can be expelled for draindown or to create a syphon effect

PH--A symbol for the degree of acidity or alkalinity of a solution; PH is
measured on a scale of 0, indicating highest acidity, to 14, indicating highest
alkalinity

Outgassing--The tendency of certain insulating matenals to release elements
of their original composition, especially when exposed to high temperatures

Damper--A mechanical device, sometimes electronically activated, to stop or
moderéte flow within a system

-

. Characteristics bf a thermo-syphon DHW system (Transparency 1)

A. Most basic of solar water heating systems ,
B. Circulation of water between tank and collector is maintained by natural
convection currents set up when water is heated
C. Requires no heat exchanger
(NOTE: Because there is no heat exchanger, the same water that circulates
) ,through the collector will later appear at the hot water tap.)
f
D. When the water in the solar collector becomes hotter than the water in
the storage tank, it rises to the tank as the colder tank water drops into the
. ~ collector Supply line
E. When no water is being run at a tap, circulation will continue until tank and
collector temperature are equalized | y
F. Rate of flow cannot be controlled
G. Difficult to provide freeze protection, and system is therefore most appro-
priate for regions that do not reach freezing temperatures
il Characteristics of a -pumped circulation DHW system with heat exchanger (Trans-
parency 2) ;
A. Collector water is pumped through a closed pipe loop incorporating a heat

exchanger which is immersed in a storage tank

. v

~ 10
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~

The closed collector pipe loop must have an expansion tank and a separate
‘pressure relief valve in addition to the valve on the tank

Because collected heat must be transferred through a heat exchanger, the
collection fluid must be hotter; this makes the system somewhat less effi-
cient than one in which domestic water circulates directly through the
collector ;

A check valve in the collector return prevents migration of heat from tank to
collector by thermo-syphon action on cold nights

Because collector water and domestic water do not intermingle, an antifreeze
solution can be added to the collector water for low-temperature protection

(NOTE: Check applicable codes for the use of nontoxic and toxic antifreeze
solutions; single-wall heat exchangers may be required with nontoxic anti-
freeze, and double-wall heat exchangers may be required with toxic
antifreeze to provide a double harrier between the toxic antifreeze and

. potable water.)

Characteristics of a pumped circulation DHW system with freeze control {Trans-

parency 3) )

A. System employs a pump but does not use a heat exchanger ¥

B. Collector circuit is not sealed off from stored water, and antifreeze cannot
be used

C. Freeze protection is provided by pumping water through “the system with

?  arate of flow high enough to prevent freezing

D. A three-way solenoid valve is the key control element in a pumped circula-
tion system

E. During_normal operation, the solenoid valve allows water to circulate freely
between tank and collector .

F. During normal operation, no cold water is admitted to the system unless a
hot water tap is opened in the building, .in which case makeup water enters
from the supply source

G. in freezing tém_peratures, the solenoid valve automatically cuts off the

Charagteristics' of a pumped circulation DHW system with draindown® (Trans-_

storage tank and diverts water from the collector into a dry well or sump,
setting up a constant flow of water from the source throught the collectqr
circuit and int6 the sump

parency 4) .

A.

. . . !
System incorporates a circulating pump for collector water, but does
not employ a heat exchanger .

A4




B.

’ plate .

C. When ‘the sensor. detects a drop *to about 40°F, it initiates closing of the
motorized valve in the collector supply

D. When the motorized valve reaches a fully closed position, it trips an end
switch which in turn trips the solenoids of both the dump valve and the air

- intake valve

E. Water then drains freely from the collector circuit and out of the system
(NOTE: This drain off is usually no more than two or three gallons, but it
does protect all piping exposed to freezing temperatures.)

F. Pressurized source water is prevented from flowing to the collector by means
of a motorized valve in the supply line and a one-way check valve in the
return line ,

G. “When absorber plate temperature rises to a preset difference above storage,
the motorized valve begins to open, the circulating pump restarts, and the
dump valve and inlet valve close

H. As the collector circuit refills, trapped air is'relieved through the automatic
vent and normal circulation of collector water is resumed

VI. Arrangements for DHW storage tanks

INFORMATION SHEET

System employs a temperature sensor affixed to the bottom of the absorber )

A. Dual solar and conventional tanks

-

B. Single storage tanks
C. Combined solar space and DHW heating systems
Vili. Characteristics of dual DHW tanks (Transparency 5)

A. A larger tank is connected to the collector ioop and stores hot water from
the collector .

B. In tandum with the Iargér tank is a conventional water heater with a fossil-

* fuel burner or an electric heating element 1
'C. The outlet pipe of the solar storage tank is connected to the cold or inlet line

of the conventional heater

D. Any-demand for hot water causes the source water pressure to force water
through the solar storage tank, through the conventional tank, and out to a
hot water tap !

E. When the solar-heated water is warm enough, it will move through t_hé

conventional tank withod_t .affecting the thermostat in the conventional tank
and without requiring additional heat

-
C3




F.

INFORMATION SHEET

Should the- conventional tank water drop below a preset temperature,
it will cause the thermostat in the conventional tank to tr|p and energize
the conventional water heater. burner or electrode

G. \Thas configuration allows only the relatively cold water to circulate through

he collecﬁr and this permits the collector to function at a higher efficiency

Characteristics of a single storage DHW tank (Transparency 6)

Ar
B.

Can provide both solar and auxiliary storage in the same tank
When this system is used, a large tank should be selected

The thermostat of the auxiliary fuel input should be set to maintain a tank
temperature of about 110-120°F .

Because the lowest temperature of water that can be circulated back through
the collector is 110°F, collector efficiency is lowered

Characteristics of a combined solar space and DHW system (Transparency 7)

A.
B.

Water is heated and stored in a solar storage tank

Makeup water for hot water supply passes through. a heat exchanger in the
solar storage tank : .

If the solar storage tank temperature is high enough, cold domestic makeup
water passing through wil! pick up sufficient heat to avoid drawing energy
from the domestic water heater . ,

When the temperature of the domestic water tank drops below the storage
tank temperature, the domestic water is pumped through the heat ex-
changer, transferring whatever heat is available

When requiced, an apMiliary heat supply may be programmed to supplement
DHW requiremen

{NOTE: There are many variations;pf combination space and water heating
systems; sometimes the heat exchanger is placed in the DHW storage tank,
and it is also possible to combine a space heating system with a two-tank
DHW system.)

Characteristics of a water collection, water storage, air dlstrlbutlon space heating
system {Transparency 8)

A

These systems have found wide acceptance because they are simple to
operate and control

The circulating pump in the collector loop operates whenever collector
temperature is higher than the temperature of the storage tank water by a
preset amount

4 0
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When the pump stops water |n the collectors and pipe lines drains into the
storage tank .

To permit ghe automatic draining process, the return pipe must be coupled
to the tank in such a fashion that the end of the pipe is kept above the level
of the stored water or the pipe must be vented by some other means

When the building thermostat calls for heat, a pump circulates stored water
through the heat exchanger coil in the return air duct upstream of the
furnace »

As water is being circulated through the heat e)ii:hanger, the furnace fan
begins to draw air through the heat exchanger coil and forces the warmed air
into the building

As long as the coil continues to maintain supply air temperature high
enough, the furnace heating element remains off, but when solar supplied
heat falls short of preset temperature settings, the furnace comes on to
furnish supplementary heat - .

. (NOTE: The piacement of thermostats or two-stage therrr{ostats provides

several varjations.in the system described above, and some of these will be
discussed in a following objective.)

Differences between a series configuration and a parallel configuration in water
collection, 'water storage, water distribution space heating systems

A’

B.

Tﬁese'éystegns are highly suited for fin tube and radiant panel installations

One configuration for this system is that heat can be supplied by either the
solar system or the auXiliary boiler working in serjes

Another configuration for this system is that heat can be supplied by both
the solar system and the auxiliary boiler working in paralle/

In a series configuration, when the solar storage tank is hot enough to supply
the heating load, water is pumped from the storage tank through the finned i
tubes and bypasses the bonler (Transparency 9)

In a series configuration, |f the storage tank is not hot enough to }upply the
heating load completely, water is pumped through the boiler and then into
the finned tubes, bypassing the storage tank -

(NOTE: It is not advisable to pump water from the stgrage tank, through
the boiler, and then through the fmned tubes; this Id actually use more
auxiliary energy and defeat the purposes of the sola component. )

In a parallel configuration, if the heating requirement can be supplied

by the water from the solar tank, the auxiliary boiler does not operate
(Transparency 9)

S50
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In & parallel conflguratlon when more heat is required than the solar system

can supply alone, the boiler kicks.in to supplement the solar heat

The parallel configuration permits lower temperature water in the solar
system to be used to supply a portion of the heating load and actually
contributes to ,higher collector efficiency and ‘more usable solar energy

Ways, radiant panels are used in water collection, water storage, water distribution
space heating systems (Transparency 10)

A.

Radiant panel heatj'ng systems employ copper tubes embedded in concrete
floor slabs and in wall and ceiling canstruction

Floor installations are the most common with copper coils embedded in
concrete with one inch or more of concrete above the tubes and never
less than an inch of concrete below the tubes °

(NOTE: For slab or, grade construction, insulation is imperative beneath
the slab: it is also |mportant to insure that ground water will not carry away
heat.)

Ceiling and wall panels are usually embedded in plaster

Wall panel installations require heavy insulation to reduce heat loss to the
ouside .

(NOTE:_ Centering coils*between rooms or floors is not recommended
because it usually results in poor heat transfer and lack of room temperature
control,)

Characteristics of an air collection, solid material storage, air drstnbutron space

A.

.heating system (Transparency 11)

When heat is available for collection, but there is no heat demand in the
house, the collector circulation fan begins to draw air down through the
storage container

Motor operated damper number 3 is open whenever the collector fan is
cvtmg and closed at all other times

The top portion of the storage container contents will heat first, and the-

heat will extend downward as more energy is collected

(NOTE: Motor operated damper number 4 is normally open.)

When no heat is being collected, but is called for in rhe building, the centrif-
ugal fan in the auxiliary heating system begins operation and signals dampgrs
1 and 2 to open

"

(NOTE: These ‘dampers are closed unless the centrifugal fan is working.)

RS-53
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4

E. Retum air is drawn upward through the storage container, exits at maximum
temperature, and is circulated through the building

F. When the heating load cannot be supplied by the solar system, the auxiliary
heating system comes on

*

G. When there is a. simultaneous collection of energy and demand for heat
by the building, motor o;rzrated damper 4 is closed

(NOTE: Damper 4 is opéen unless both collection and dlstnbutlon fans are
opgrating simultaneously.) :

H. Airiscirculated directly from the collector to the building

(NOTE: Air-rock systems do have limitations that require special design
considerations; these will be covered in a later objective.)

XV, Charactenstm of water collection, water storage, heat pump distribution space
‘heating systems ;
A. The electrically driven heat pump enhances the flexibility and efficiency
of solar systems

B. A heat pump has the capability of extracting heat from a cooler source
and increasing it to a higher temperature, thereby increasing the thermal
gradient

t

C. A heat pump @an extract useful heat from the %olar storagé system even
when the temperature has fallen below room temperature

XV. Differences batween an air-to-air heat pump and a water-to-air heat /pump func-
tion in a solar space heating system

A. In an air-to-air heat punip, when heating is required, the heat pump extracts
heat from one air source (usually the outside air), increases its temperature,
and warms the room air (Transparency 12) . -

“B. In a water-to-air heat pump, when heating is required, the heat pump ex-
tracts heat from the storage water, increases its temperature, and warms the
room air (Transparéncy 13)

XVi. Steps in the operation of an air-to-air heat purmp in a solar heating system (Trans-
parency 12) ’
\

A. All solar heating is done directly from stdrage without the aid of the heat
pump, but the heat pump fan is used to circulate room air over the heat
exchange coil .

B. If heat available from solar storage is insufficient, the heat pump begins to
operate, supplying additional heat to the air
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C. Although this does not permit stored solar.energy to be us withe space
temperature, it greatly reduces operational time of the hgat pump'and saves
mucﬁctricity that would otherwise be used to opefate the heat pump
com or

(NOTE: There are other configurations in using a heat pump with a solar
system; some permit the heat pump to extract heat from water or solid
storage at temperatures below the room temperature, but these systems

:

are complex and requiré many automatic controls.) .

Steps in the operation of a water-to-air heat pump in a solar heating system
(Transparenéy 13)

A. When the solar storage tank temperature is over a preset point (usualfly
*  90°F), storage is used directly for space heating with the, heat pump fan
circulating the room air over the solar water coil

B. When the storage tank temperature falls pelow the temperature needed
for heating, the control valve changes position and circulates the storage
water into the heat pump

C. When the water flow to the heat pump has been proven by a flow switch,
the heat pump compressor begins to operate, extracting heat from the
water and increasing its temperature; it is then used: for warming room
air

D. This procedure continues until the heating load has been satisfied or storage
tank temperature drops to the lower operating limits of the heat pump
(usually about 60°F)

0y

E. Sometimes, other water supplies of appropriate temperature can be used
when usable heat in the solar storage tank has been exhausted

F. An auxiliary heat supply is usually requnred with a water-to-air heat pump
solar system

s

Design considerations for piping systems
A. Corrosion is the biggest enemy of piping systems and other solar components

B. It is imperative, from a gbrrosion standpoint\\ that the fluid passages in the
absorber plate be compatible with the materials used for piping, :torage
tank, pump, and valve bodies’ "

C. All piping should be pitched from the high point of the system to msure
complete drainage when necessary

-

D. In systems with drainage as freeze protection, the piping should be pitched

RS-55

at a minimum of 1/8 inch per 1 foot of run to insure that fluid will drain -

completely
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_XIX. Design considerations for corrosion protection

1. q;brrosioﬁ between dissimilar metals
/ 2. Use of corrosive liquids

3. Presence of air in the system

' leaks develop

. ; metal and cause pitting

\d

A. Corrosion protection has three major concerns in me

Example: Copper ions can be carried by the fluid and de

[

E. Stait up of all liquid-carrying systems should include a flushing operation to
remove dirt and debris accumulated during fabrication and installation

V(NOT(E: Follow m_ar‘uufacturer's recommendations carefully when flushing
systems which usea heat transfer fluid other than water.)

(al collector systems:

B. When dissimilar metals are used in the presence of moisture, corrosion
can occur; this is true even of copper when used with another metal

o L . Example If per tubes are used to connect aluminum collectors, the
L collectors soon develop pits in the alummum fluid tubes and

C. In a solar system with a'i:irculating fluid, it is not sufficient simply to use

dielectric fittings to separate dissimilar metals a ol electrolysis -
\-——~

sited on other -

D. Although it is difficult to exclude bronze valves and pump umpellers from
collector systems as a general rule, It is best not to mx metals

A

~

o
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Other considerations for corrosion Jo'tection

. 4
Check the local gter supply for PH level (Figure 1)

(NOTE: Some areas have "aggressive" waters which are hiz;hly mineralized,
have a high level 6f dissolved sulfates #hd chlorides, have PH values above
7.3, high carbon dioxide content, and the presence of dissolved oxygen gas.)
FIGURE 1 : :

, ' HIGHEST
CONCENTRATE  ETCH  NEUTRAL . ALKALINITY

-

HVDR[AJEFBH)RIC ACETIC BORIC DISTILLED  BAKING

<4
ACID  ACID WATER SQ0A AMMONIA LYE
. 1]

(Courtesy A. B. Dick)

A trouble free history of copper plumbing in the locality can usually be
taken as evidence that thé-water is not aggressive to copper, but it may be
aggressive to other metals : :

When there is a question concerning the presence of aggressive water, the
water should |be chemically anglyzed, and a; trqatbent engineer should
be consulted to prescribe ways to make and keep the water nonaggressive

When ﬁsifr;éeze‘ of speclal heaf transfer fluiés jre ‘added to the’ water,
it incred%®s the potential for corrosion o .

Anti-freezes which are propyiehe glv‘oql (ndntoxici or ethylene- glycol
(toxic) based are the two major types of anti-freeze used wlth water in solar

collectors .

P(opylene'gly'colw is claimed to be nontoxic and should be used in DHW

. systems unless a double walled heat exchanger is employed

) G. Anti-freeze solutiohs usually 'req;.lire the add?tién of corrosion inhibiétoryand
buffers for PH, and all anti-freeze solutions should be monitored amd repien-
ished as required : T
£ . - .
XXI. Design considerations for collector cover glazing (Figure 2) ¢
A. When dsing glass cover plates, {empered glas; with ground edges should be

specified rnd recommendations for maximum permissable spans should be
carefully followed

\ . -
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B. "When two glass plates are hermetically sealed, they must have the same
physical charactenstlcs

Example: A 3/32 inch-thick glass inner plate should not be used with a 3/16-
-thick tempered cover plate; this would exert substantnal
M mte al pressure on the glazing

VC. Thin sheets of plastic film can be used for cover plates in certain applications
and offer the advantage of Ilght welght low cbst, and increased fracture
resistance |

D. Plastic selected should have proven Iong term reslstance to ultraviolet, tadia-
tion breakdown . - .

E. Additional cover layers reduce-heat loss, but there is a point where addi-
tional glazing actually.diminishes collector efficiency

FIGURE 2 | . ¢ /D
N
. ’ OLARYENERGY MAXIMUM
T~ THICKN MISSMN OPERATING
« MATEQIAL . {INCHE (%) TEMP (°F)
. Ciear Lime . 18 850 <
Float Glass : 316 81q - 40C

j 14 780

) Water White 18 910
. Crystal {Low Iron) 316 905 400
I Glass . 14 . 900 -
he 18 890
oterle;%ast . ) 316 870 190
Sheet . . . 14 . 850
) Polycar‘bonate 18 810 ) )
' . 316 780 Lo
- N1 4 740
7
. Tediar Fim 0 004 935 - 227
_ Filon 388 0 060 820 «
{Fiat) 548 ! 0 030 860 220
" . 608 | 10 080 770
Totion Fim @ <0 002 97 0 400
Mylar Fim 0 001 ‘5 0 220
- — \
. Kalwall Suniight Regufar ~ 0 025 930 . 140
Kaiwall Sunlight Premium ' 0 040 860 . 140
Lexan Film s 0 005 94 0 270
0 007 930

Courtesy Copper Development- Association Inc.

"
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Requirements for absorber plate insulation

A.

Since absorbér plates frequently reach’ temperatures of more than 200°F,

they must be insulated to maximize energy collection from the plate

The back of the collector is typically insulated with a 3 to 4-inch thick
fiberglass blan .

Most foamed urethan&insulation currently available undergoes volumetric
expansion,at temperatures over 250°F at@ should be used with care, if at all

Other insulations have problems with the outgassing of volatile elements
which can lead to corrosion and other collector problems

Insulation selected should be evaluated according to application needs
(Figure 3) . INSULATION

| i EXTRUDED |
FIGURE 3 FIBERGLASS g URETHANE POLVSTYRENE FOAM |

Heat Loss Good Excelient Excellent

Moisture - . : ‘
’ xcellent
Resistance_ Fair Excellent

gﬂ% Excellent | Poor Fair

Temperature

Poor
Resistance Excellent Fair

-

Desirability Recommended Not Recommended* | Not Recommended*

* Not recommended for high temperature application
Courtesy Copper Development Association Inc. .

High temperature protection and its applications

A.

Should fluid circulating through an absorber plate stop while the sun is
shining, the solar collector can reach temperatures high enough to damage it:
this condition is known as stagnation

\
(NOTE: To avoid collector damage, the collector f?ame, piping connections,
and insulation must be able to withstand high temperatures.)

When cooler fluid is pumped into a collector in a condition of stagnation,
the resulting thermal shock can cause the collector to buckle and the glazing
to break

High temperature protection serves to solve problems of stagnation and
thermal shock in several ways:

1. One method uses a temperature sensor on the back of the collector
plate to actuate a cutout relay in the power supply to the circulating
pump; when the collector plate reaches a preselected temperature,

power to the pump is cut off preventing circulation of the collector
fluid
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2. Another method- employs a timing dedice that prevents automatic
restarting of the pump in the event of a power fallure Iastnng more than
a minute or two .

3. Still another method employs a temperature sensor 10 prevent pump
operation when a preset temperature differential exists between the
collector plate and the circulating fluid

.(NOTE: Thls is an expenswe method and s seldom used in residential
apphcatlons )

Rules of thumb for circulatirfg pumps and solar system controls

A.

'F.

Pumpsfordinarily selected for residential and small solar applications should
be centrifugal types with mechanical shaft seals or totally sealed units

Pumps may be close-coupled, in-line, or base-mounted

Pump should have a proper-combination of flow rate and lift characteristics
for the application

(NOTE: Typically, a pump should provide a flow rate of one to three
gallons of water per hour, per square foot of collector surface.)

In open systems, pumps must have sufficient lifting capacity to raise water
from the storage tank to the top of the collector

(NOTE: In closed systems which have high lifting requirements and low
flow quantitites, two small pumps connected in series may be a better
alternative to overcome friction losses through the piping.)

In most small solar systems, the pumps will not exceed 1/4 to 1/3 horse-

power and may be as small as 1/6 to 1/20 horsepower in closed systems
3

When centrifugal pumps are used, it is essential that they operate with a net

positive suction head

(NOTE: This can be accomplished by connectipg the pump through the
storage tank wall below the water level in the tank; this means there will
always be a positive head of water in the tank above the pump.)

The circulating pump in the collector loop is normally started or stopped by
means of a differential temperature control which actuates the collector
pump when the collector temperature is higher than the tank water tempera-
ture, and shuts the collector pump off when the collector water temperature
approaches the tank temperature

g}
o
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Pressurized Thermo-Syphon DHW System

TEMPERATURE -
PRESSURE RELIEF VALVE
i ' TEMPERATURE
MODULATING
. VALVE
COLLECTOR
HOY WATER STORAGE
RETURN-

COLLECTOR ARRAY

~

HOT WATER
SUPPLY

COLD
WATER  (THRU AUXILIARY
MG;(E =TANKOPTIONAL)

- COLLECTOR
e SUPPLY )
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MODULATING
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~ Pressurized Pumped DHW System with Freeze Control

-
<
Q

. PRl

(

COLLECTOR TOR AUTOMATIC
COLLECTOR ARRAY [ SENSOR COLLECTOR AIR VENT
| RETURN

COLD WATER FLOW TO DRAIN
(FOR FREEZE PROTECTION ONLY)

TEMPERATURE
TRESSURE RELIEF VALVE

TWO POSITION THREE
WAY SOLENQID VALVE

HOT WATER
SUPPLY

DIFFERENTIAL

/ THERMOSTAT

TEMPERATURE
MODULATING
VALVE

STORAGE

COLLECTOR
SUPPLY

e

MAKE-UP
CHECK VALVE KEU

.

COLD WATER

W

Courtesy Copper ‘Development Association Inc.

A .
o | | \, i

G9-SH



'
. -
prd
- » .
.
-
>

Pumped Circulation DHW System with Draindowh

'

AUTOMATIC AIR VENT AIR SOLENOID VALVE

COLLECTOR ARRAY

COLLECTOR
HOT WATER RETURN TEMPERATURE

TEMPERATURE MODULATING
CHECK [ a0

SENSOR BEHIND
COLLECTOR

VALVE PRESSURE
I— RELIEF VALVE

DIFFERENTIAL
4 THERMOSTAT

SOLENOID
DUMP VALVE HOT WATER SUPPLY
STORAGE

MOTORIZED T0 DRAIN +

VALVE

W/END SWITCH
COLLECTOR EA%IRE\GISTER
COLD WATER GATE VALVE SENSOR

. SUPPLY
* R CHECK VALVE
STRAINER G aTe vawv :

-

; Courtesy Copper Development Association Inc.
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Dual DHW Storage Tanks

HOT WATER RETURN

HOT WATER TRANSFER
FROM COLLECTOR

LINE TO WATER HEATER

TEMPERATURE
PRESSURE RELIEF VALVE
Y HOT WATER SUPPLY
TEMPERATURE
SOLAR MODULATING
SUPPLYTO TANK
~ COLLECTOR " -
CIRCULATION PUMP :
: CONVENTIONAL
DOMESTIC
'HOT WATER TANK

J

‘ COLD WATER SUPPLY
eOLD WATER FOR TEMPERING -
HOT WATER SUPPLY

\ ”’

< Courtesy Copper Development Association Inc.
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 Single DHW Sto

-l

HOT WATER RETURN
-+ FROM COLLECTOR

COLD.WATER SUPPLY
-1 T0-COLLECTOR
\ _ CIRCULATING PUMP

~ COLD WATER
1 - . MAKEUP

HOT WATER

TEMPERATURE PRESSURE RELIEF VALVE

SUPPLY TO HOUSE

AUXILIARY FUEL
INPUT

Courtesy Copper Development Association inc. |
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Combined Solar Space Heating and DHW System

‘ : HOT WATER _ COLLECTOR )
: SUPPLY TEMPERATURE SUPPLY & RETURN
TEMPERATURE RELIEF SPACE HEAT
MODULATING —VALVE  DOMESTIC HOT WATER SUPPLY & RETURN
— VALVE HEAT EXCHANGER IN LINES (PUMPS ~
SOLAR STORAGE TANK NPT SHOWN)
y A DOMESTIC &
COLD WATER HOT WATER =~ & |
, MAKE UP PUMP ;
- Courtesy Copper Development Association Inc.. X
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Water Collection, Water Storage,
Air Distribution Space Heating System

: COLLECTOR ARRAY / :
- -1-—""\_ SUPPLYAR -
e == __--TT0L0AD
. ‘ -
A SOLAR HEATED HEAT
‘ EXCHANGE COIL |
- - !
. “ ' ' LN
% ’ A
N - A
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. , L] .
.t . » N -
| -J | RETURN . RETURN AIR
. : OM H
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- : 'lvem PUMP .
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— J'_} -
1 . . ‘P -
ATE WA ‘ "
GATE WLVE STRAINER WE VALVE _ ~ - A .
2 Courtesy Copper Development Association Inc. S i - :\;n’
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Water Collection, Water Stdrage, ,
Water Distribution Space Heating System

COLLECTOR
CONVECTION HEAT
ARRAY DISTRIBUTION COIL

. SUPPLY,FROM
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RETURN ‘

OIVERTING
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- Series Configuration '

Courtesy Copper Development Association Inc.
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Water Collection, Water Storagé, Solar Radiant Heating

[
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Air Collection, Solid Material Storage,
[ | [ | L] [ | [ |
Air Distribution Space Heating System
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. ) . ACTIVE SOLAR HEATING SYSTEMS ‘
N ) - UNIT ” '

ASSIGNMENT SHEET #1--SOLVE PROBLEMS CONCERNING
SOLAR DOMESTIC WATER HEATING SYSTEMS

- »

»

A. What would be the least expensive solar domestic water heatingsystem in a situation
. where hot water demands are medium, as opposed to high, and in a region where
temperatures do not reo?h the freezing pomt?

Answer

i A

B. ’Whet can be t7dded to collector water to providegb;-temperature protection in a solar

S ~ " domestic hot’ water heating systerh employing pgmped. circulation with a heat ex-
o changer? v ’
“+ " Answer . :

—

‘C. In a solar domestic hot wateMheating system that- employs pumped circulation with
freeze control, antifreeze cannot be used; how is freeze protection provided?

-

o

Answer

[ l‘ hd
' D. Single storage solar domestic hot water tanks .are practical because they "provide both
: solar-and auxiliary storage in the same tank,.but what precaution should be taken when" .
planning such a system?
" ~ ~
Answer _. : ) -

e

)

E. Certain configurations of dual solar domestic hot water tanks allow only rela‘l;ively cold
water to -circulate through the collector; does this afford higher or lower collector
efficiency? : '

- Answer o

- ]
. . B .
- ’ N .
! ,
. »
| . . ,
.
.
* 4
H
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ACTIVE SOLAR HEATING SYSTEMS.
UNIT II -

r -

ASSIGNMENT SHEET #2--SOLVE PROBLEMS CONCéRNING
SOLAR SPACE HEATING SYSTEMS

Of the several available solar space heating system designs, which system has found
wide acceptance because it is simple to operate and control?
R .
. :
Answer . :

A heat pump has the capability of extracting heat from a cooler source and increas-
ing_it to a higher temperature; how does this capability affect a water collection,
water storage, heat pump distribution space heating system?

Answer

Where are radlant panels most frequently installed when they are used in a water
oollectlon ‘water storage, water dlstrlbutlon space heating system?

- -

Answer .

What happens in an air collection, solid material storage, air distribution space heatmg
system when the heating load demands cannot be met by the solar system?

Answer
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ACTIVE SOLAR HEATING SYSTEMS =7
' UNIT It

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1
A, ’ A thermo-syphon system

B. Antifregze i

C. By pumping water through the system with.a rate of flow high enough to p’revent
freezing .

~

D. A large tank should be selected

E. Higher efficiency

Assignment Sheet #2 : . ‘e

A. A water collection, water storage, air distribution system

.

B. The heat pump-can extract useful heat from the solar storage system even when
the tempereture has fallen below room temperature ,

C. Slab fioors_ ;

.

D. THe auxiliary heating system comes on ) ’ p

.‘ .
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. . S ACTIVE SOLAR HEATING SYSTEMS
' ' UNIT I

JOB SHEET #1-CONSTRUCT A WORKING MODEL SOLAR WATER HEATER

3 E)

‘ I Tools and materials .
5 ~A. 1shallow cardboard‘ box ‘
é. 1 sheet of glass large en'bugh to cover the box
C. 20 feet of black rubbeNubing
D. .1ringstand
, E. 1large clamp ,. . )
’ F. 1 condensation column
G. 1 pinch-cock . . ' . .
H. 1 Celsius thermometer .

‘ I. 150 millititer (mi) beaker _
r , .
. . 1. . ]

1 cork stopper i

- . K. 1 funnel .
L. 1 can of flat black paint and a paintbrush
/{//2 Vo M Paint thinner and a clean cloth
b i ' (NOJE: The ring stand, clamp, condensation column, pinch-cock, beaker,
E ) ¢ stopper, and funnel should be available in the chemistry department at your \
! . - local high school.)

. Procedure

A. Asiemble the apparatus for youi’ solar water .heater according to the diagram
Figure 1 .

.




JOB SHEET #1 i

B.  Fill the entire unit with water (Figure 1)
»

(NOTE: Be sure the tubing, combination condensation column, and storage
tank are completely filled.) Y

FIGURE 1 .

3 -

SUNNY WINDOW

/

CONDENSATION
|l cOtumN
STORAGE TANK

BLACK RUBBER
TUBING

SOLAR WATER HEATER
Courtesy U.S. Department of Energy

C. Drain off 50 ml of water from the tap and record the temperature on the
data chart that accompanies this job sheet ’

D. Pour the water back into the funnel

E. Place your cardboard box sotar collector in the sun and record the tempera-
ture of the water each minute for a period of 20 minutes )
OTE: This means you will have to draw a water sample from the systerﬁ )
foly each check, but be sure to pour each sample back into the system.)

.

Fe ecord your data on the data chart

G. . Drain the entire system

H Y

v

Paint the cardboard box black and allow it to dry,
. ¢ : Y
Clean the paintbrush while you are waiting for the paint to dry

RefSéat 'steps B through F with the black cardboa;;d box solar collector

S

I R L e
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. ' ‘ " JOB SHEET #1 - |
' | © DATA CHART -
UNPAINTED BOX: INITIAL WATER TEMPERATURE

r 2
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JOB SHEET #1

K. . Record ygur data on the data chart ‘ —~
L. Drain the entire system
M. Return tools and materials to pr'o.per storage area

N." Answer the following questions:

1. Why should a black rubber tube be used in this activity?

'

2. How did painting the collector box black affect the temperature of the water?

i .

— T

3 What part of the system would be the same as the cold water sUppIy p|pe in
- your home hot water unit? ., . ;

e
4. The apparatus you've been working with has been termed " a solar water heater";
> could it also be called a solar system? i

6. ' Explain your answer to question 4. - . o S

7
?

- .

6. ’ List at least -two things you could do to improve the effncnency .of the solar

‘collector you've been workmg vpth }
4 A

P




S
et -

1.

Match the terms on the right with their correct definitions.

-

@

/

UNIT II

NAME

TIVE SOLAR HEATING SYSTEMS

TEST

Highly mineralized \local water supplies
that have high levels\of dissolved sulfates
and chlorides and high PH values

Don‘estic hot water
t

The circulation of water ‘between a tank
and a collector maintained \by the -natural
convection currents that ar
water is heated

A device that absorbs heat and then releases it
to cdmplete the heat transfer proce ]

Containing poison \\
Free of poison

A pipe configuration designed to complete
a fiquid flow from one given point tq another
with interconnections among components in a
system

A \r/&lve which mechanically or electronically
sta

A device which functions as a thermostat
to detect changes in temperature; its on-off
functions can be set for minimum low or
maximum high temperatures

A valve which permits flow in one direction

. only and prevents flow back to the source

. Working side by side or together

A standby or backup storage facility that
permits storage of hot water that exceeds
the capacity of the prime or system storage
facility-

. A standby or backup gas or electric heating

system programmed to automatically .main-
tain heating load requirements when the solar
system fails to meet the required load de-
mands .. :

%

set up wheff

, stops, or diverts flow in a system-*

-—

}

O © © N O o &~ W N

- - -
N -
H .

13.

Auxiliary héat
Corrosion

PH

Nontoxic
Tandem -
Aggressive water
Heat exchanger
Damper

Open system
DHW

Toxic

One-way check
valve

Sensor

RS-97
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come in contact 19. Electrolysis. - w-
r. An electric in5ulato‘r used to control electrol- 20. Auxiliary .
ysis at' points where dissimilar metals meet storage g
* s. A solar system into which no air penetrates 21. Heat sink ‘
or from which no air can be expelled :
’ E 22. Dielectric . !
t. A solarisystem into which air can penetrate
or from which air cgp be expelled for drain- 23. Dissimilar
' ddwn or to createas hon effect metals
u A symB’oI for the degree of acidity or alkalini- '\ ‘
ty of a solution; PH is measured on a scale of
0, indicating highest acidity, to 14, indicating B
highest alkalinity
=% 7y The tendency of certain insulating materials o )

2.nComglete the following list of Statements concerning characteristics of a thermo- .

a

n. Body which is capable of accepting, storing, 14, Outgassing
and releasing heat

| 15. Thermo-syph
o. The eating away or wearing away of metals, 5 rmo-syphon

especially metals in contact with chemicals | 16. Loop .

_Pp. Any two metals that have different properties 17. Closed syphon

g. An electro-chemical reaction that causes 18. Solenoid
deterioration when two dissimilar metals

to release elements of their ogiginal composi-

tion, especially when exposed to high tempera- / .
tures £
" .

w. A mechanical device, sometimes electronically
activated, to stop or moderate flow within ,

4]
asystem [ é

syphon D HW system.

a)'

b.

$

£

Most basic of heating systems

Clrculatlon of water between tark and collector is mamtamed by natural convec
tion currents set up when water is heated

Requires no

When the water in the solar collecfor becomes hotter than the water in the storage
tank, it rises to the tank as the cqlder tank water drops into the collector supply
line

, When no water is being run at a tap, circulation will continue until tank and
\ collector temperature are

' - »
Rate of flow ? . be controlled

Difficult to provide freeze protection, and system is therefore most appropmte
for regions that do not reach freeimg temperatures .
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| 3. Circle the words which best complete the fo)lowing statements concerning characteris-
tics of a pumped circulation domestic hot water system with heat exchanger.

a. (Domestic, Collector) water is pumped through a closed pipe loop incorporating a
heat exchanger-which is immersed in a storage tank

b. The closed collector pipe loop must have a/an (expansiog, storage) tahk and,
a separate pressure relief valve in addition to the valve on,the 'gank

: ) c.  Because collected heat must be transferred threugh a heat exchanger, the collec-
’ tion fluid must be (hotter, cooler); this makes the system somewhat less efficient
than one in which domestic water circulates directly through the collector
d. A (relief, check) valve in the collector return prevents migration of heat from tank
to collector by thermo-syphon action on cold nights
e. Because collector water and domestic water do not intermingle, an antifreeze
solution can be added to the (domestic, collector) water for low-temperature
protection

4. Select true statements concerning characteristics of a pumped circulation domestic
hot water system with freeze control by placing an "X" in the appropriate blanks.

. a. System employs a heat exchanger but does not use a heat pump
b. Collector circuit is not sealed off from stored water, and antifreeze cannot
¢ - be used “~
‘ X c. Freeze protection is provided \by pumping water through the system with

a rate of flow high enough to vent freezing

. R d. A two-way solenoiqulve is the key control element in a pumped circulation

system . .
. .
e. During normal operation, the solenoid valve allows water to cir®iate freely °
- . between tank and collector , '
7 H
- . ¢ N .
- * f. During normal operation, cold water is admitted to the system unless a ——e
hot weter tap is opened in the building, in which case makeup water enters
from the supply source -

*

. g. In freezing temperatures, the golenoid vahtre automatically opens in the
R 4 storage tank and diverts water from the collect& into a dry well or sump,
. setting up a constant flow of water from the source’ through the collector
circuit and into the sump

Select true statements concerning characteristics of a pumped circulation domestic
hot water system with draindown by placing an "X" in the appropriate blanks.

o

a. System incorporates a circulating pump for collector water, but does not
. h employ a heat exchanger

. b. System employs 1 ter'nperatufe sensor affixed to the bottom of the.circulat-

}

| : ‘

| . r  ingpump

- . : :
. 4 - :
?" ¢ * N ) ' \
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»

c. When the sensor detects a drop to about 40°F, it initiates clc
motorized valve in the collector supply

t
* ¢ , L) . -
d. When the motorized valve reaches a fully closed position, it trips an ewd R\ | -

switch which in turn trips the solenoids of only the dump valve and not the
air intake valve

e. Water then drains freely from’the collector circuit and out of thie system

f. Pressurized source water is prevented from flowing to the colldctor by
means of a motorized valve in the supply line and a one-way check valve
in the return line ‘ ' \
’ | - B
g. When the absorber plate temperature rises to a preset difference! above
storage, the motorized valve begins to open, the circulating pump restarts,

and the dump valve and inlet valve open , ‘

. - |
h. As the collector circuit refills, trapped air is relieved through the automatic
vent and normal circulation of collector water is resumed i
, \ s

6. List two arrangements for domestic'hot water storage tanks. . {

. . }‘9 > -
a. Yo N
. i
- . - i
. b. s t
- i
7. Complete the following list of statements concerning characteristics of dual domestic <
hot water tanks. . . . - ‘
. ’ | .
: a. A larger tank is connected to the collector loop and stores hot water fromthe ... * .. ...
~ . . A - ’ ’ : ) !
z . <_,' \ s} =N &)
. b.  Intandem with the larger tank is a conventional water heater with a fossil-fuel
. burner or an ’ =
| | ‘ Coy
c. The | . of the solar storage tank i
connected to the cold or inlet line of the conventional heater © . ,
_ d. Any demand fdr hot water causes the source water pressure to force water\ ”

. " == o

through the solar storage tank, through the conventional tank, and out to a
hot water tap . - LT A

° e. When the : . water i$ warm enough, it will
. move through the conventional tank without affecting~the thermostat in the \ ¢

conventional tank and without requiring additional heat

. . .
f. ° Should the conventional tank water drop below a preset temperature, it will \ -
cause the thermostat in the conventional tank to trip and energize the conven- - ‘
' ; tional water heater burner or
_ g. This configuration dllows only the relatively cold water to circulate through the _ 5 -
a ‘ collector, and this permits the collector to function at o » E
! § ’ . e r . .
i’?{ ° T A4 \ _,\‘
:f: . Jo o e
- O . \ -
7 . Y
_;. LN - .’ g} -
i
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1 8. Circle the words which best complete the following statements concerning characteris-
tics ‘of a single storage domestic hot water tank.

7 - »a. ZlCan;Cannat) provide bothsolar and auxiliary stékage in the same tank & - s =
- 4 = - ‘
- . s
b.  When this system is used, a (small, large) tank should bexselected .
. . . *
=t ‘ / The thermostat of the auxiliary fuel inPut should be set to maintain a tank
PO . temperature of about (100-110°F, 110-120°F) | .
. , R ! ' !
d. Because the lowest temperature of water that can be circulated back *through
R o the collector is 110°K, colle€torefficiency is (increased, lowered) v
B . . Select true statements concerning characteristics of a cambinéd solar space and domes- .
N Z tichot water system by placing an "X" in the appropriate blanks. . ) .
- 8. Water is heated and stored in a solar storage tank
§ B
b. Makeup v‘kater for hot water supply paLses through a heat exchanger in
the solar storage tank . :
- c. It the solar storage tank teg\pérature is high enough, cold d&mestic makeup
© ] i " water passing through, will pick up sufficient heat to .avoid drawing energy -. -
= o ° - ffom the domestic water heater . &) :
— s B
) d.(When the temperature of the domestic water tank goes above the storage
. ank temperature, the domestic water is pumped through the heat exchanger,
s , transferring whatever heat is available - i - - >
~ T . D . ' ;
. e. An auxiliary heat supply {‘cannot be programmed to supplement DHW -
requirements ’ .
- - "o - *
- ) 16. Completgythe following list of statements cagncemning charagteristics. of a water cpllec- - =
e TS 9 tion, water stdfage, air distribution space heating system. '
; *a. These systems ha\‘e. foﬁ}{d Wide a;:ceptance because the? are - @,
o b.  The circulating pump in the collector loop operates whenever collector tempera- o
- ture is . than tﬁ: temperature of the storage tank water by a a
preset amount i . L.
- 4 © - 0 » o CoeTw T e ) ;
= C. Wheg/the Aump stops, water in the collectors and pipe lines drains into the
. . . )
N d. To permit the automatic draining process, the returd pipe must be cougled
. to the tank in such a fashion that the end of the pipe is kept .
o g > a ¥ of the stored water or the Pipe must be vented by sotne .
) other means 2 "o _ “ ‘ .

a

e. 'When the building thermostat calls for heat, a pump circulatés_stored water"
through the heat exchinger coil in the return air duct upstream of the _. . L




. - o ' \ J
f.  As water is being circulated through the heat exchanger, the fu~rnace‘fan beginsto*
.draw air through the heat exchanger coil and forces the warmed air into the

building ,

4

g. As long as the coil continues to m\aiatain supply air teniperature high enough, the - .
furnace heating element remains off, but when .
falls short of preset temperature settings, the furnace comes on to furnish sup-

plementary heat

’

M. Distinguish between a series configuration and a parallel configuration in water collec-
tion, water storage, water distributian space heating systems by placing an "X" next to
the descriptions of a series configuration. ’

/.___a. Highly suited for fin tube and radiant panel installations

b. One tonfiguration for this system is that heat can be supplied by either the
solar system or the auxiliary boiler

c. Another configuration for this system is that heat can be supplied by'both
the solar system and the auxiliary boiler

d. When the solar storage tank is hot enough to supply the heating load, water
is pumped from the storage tank through the finned tubes and bypasses the
boiler

e. If the storage tank is not hot enough to supply the heating load completely,
J water is pumped through the boiler and then into the finned tubes, bypass- .
ing the storage tank

f. If the heating requirement can be supplied by the water from the solar
tank, the auxiliary 90i€er does not operate . ’

Py

g. When more heat is required than the solar system can supply, alone, the'
boiler kicks in to supplement the solaf heat ’

h. Permits lower temperature water in the solar system to be used to supply a
portion of the heating load and actually contributes to higher collector
efficiency and more usable solar energy

12.. Complete the following list of ways radiant panels are used in water collection, water
storage, water gistribution space heating systems. ! '

a. Radiaﬁ\el heatin&*systems employ copper tubes embedded in concrete floor
slabs ard in wall and ceiling constructton

~

b.. Floorinstallations are the most common with copper coils embedgded in concrete

with or more of concrete above. the tubes and
never less than an'inch of concrete below the tubes
‘c.  Ceiling and wall panels are usually embedded'in ‘ %/
d. Wall panel installations require . to reduce .
. heat loss.t@\the outside ' ‘
o * ¢ ‘ -
13 u !




13.

14,

15.

16.

b. A heat pump has the capability of extracting heat from a coéler sourcé and

-

Select true statements concerning characteristics of an air ollection, solid material
storage, air distribution space heating system. .

C e a. When heat is available for collectioﬁ, but there is no heat demand in the

house, the collector circulation fan begins to draw air down through the
storage container > )
b. Motor operated damper number 3 is closed whenever the collector fan is
operating and open at all other times
c. The bottom portion of the storafe container contents will heat first, and the
heat will extend upward as more nergy is collected
d. When no heat is being collected, but is called for in the hyilding, the centrif-
ugal fan in the auxiliary heating system begins operation and signals dampers
1 and 2 to open ‘
e. Return air is drawn upward through the storage, exits at maximum tempera-
.ture, and is circulated through the building ‘ . -
f. When the heating loach cannot be supplied by the solar system, the auxiliary
heating system comes on

g. When there is a simultaneous colle‘ction of energy and demand for heat
by a building, motor operated damper 4 is open °

. oe

h. Air is circulated directly from the collector to the building

Complete the following list of characteristics of water collection, water storage, heat
pump distribution space heating systems. ’

a. The electrically 'driven heat pump enhances the flexibility and efficiency of

increasing it to a higher temperature, thereby increasing the

c. A heat pump can extract useful heat from the solar storage system evenawhen

* the temperature has room -temperature

Distinguish between an air-to-air heat pump anq a water-to-air heat pump function,
in a solar space heating system by placing an "X" next'to the function of an air-to-air

- heat pump. . »

« .
a.- When heating is tequired, the heat pump extracts heat from the storage
water, increases its temperature, and warms the room air

————

b. When heating is required, the heat pump extracts heat from one air source
(usually. the outside air), increases its temperature, and warms the room air

Select true statements concerning steps in the operation of an air-to-air heat pump in a

solar heating system by placing an "X" in the appropriate blanks.

a. All solar heating is done directly from storag}z without the aid of the heat
pump, but the heat pump fan is used to circulate room air over the heat

- exctppge coil N .

Iy

RS-103
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b.

' -
[

If heat available from solar storage is insufficient, the heat pump begins to
operate, supplying additional heat to the air ,
Although this does not permit stored solar energy to be used below the
space temperature, it greatly reduces operational time of the heat pump
and _saves 'much electricity that would otherwise be uséd to operate the
heat pump compressor .

+17. Select true statements concermng steps in the operation of a water-to-air heat pump in
a solar heating system by placingan "X" in the appropriate blanks. \

When the solar storage tank temperature falls below a preset point (usually
90°F), storage is used directly for space heating with the heat pump fan
circulating the room air over the solar water coil

When the storagé tank temperature .is over the temperature needed for
heating, the control valve changes position and circulates the storage water
into the heat pump )

When the water flow to the heat pump has been proven by a flow switch,

the heat pump compressor begins to operate, extracting heat from the
water and increasing its temperature; it is then used for warming room air
&

. This procedure continues until the heating load has been satisfied or storage

tank temperature drops to the lower operating limits of the heat pump
(usually about 60°F) -

- Sometimes, other water supplies of appropriate temperature can be used

when usable water in the solar storage tank has been exhausted

k3

An auxiliary heat suppl is usually required thh a water-to-air heat pump
solar system {l

18. Circle the words which best complete the following statements concerning desjgn
considerations for piping systems.

a. (Corrosion, Freezing) is the biggest enemy of piping systems and other solar
. components )

b. It is imperative, from a corrosion standpoint, that the fluid passages in the (col-
lector, absorber plate) be compatlble w'th the materials used for plplng, storage

tank pump, and valve bodies

c. Al (pumps, piping) should be pitched from the high point of the system to

insure complete drainage when'necessary .

d. In systems with ‘drainage as freeze protection, the piping should be pitéhed
at a minimum of (1/2, 1/8) inch per 1 foot of run to insure that fluid will drain
completely -

!

e. Start up of all liquid-carrying systems should include a flushing operation to
remove (water and air, dirt and debris) accumulated during fabrication and
. installation

;v
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A

19. Select true statements concerning design considerations for corrosion protection
by placing an " X" in the appropriate blanks.
P , .

a. Corrosion protection has three major concerns in metal collector systems:
1) Corrosion between dissimilar metals '

2) Use of corrosive liquids

\ ..
3}~ Presence of air in the system
b. When dissimilar metals are used in the presence of moisture, corrosion
can occur; this i$ true even of copper when used with another metal .
c. In a solar system with a circulating fluid, it is sufficient simply to use dielec-
tric fittings to separate dissimilar metals and control electrolysis
d. Although it is difficult to exclude copper valves and pump impellers from
collector systems, as a general rule, it is best to mix metals ’
20. four other considerations for ‘corrosien protection.
a. \
AN
b. | .
c -»
d. [

~

21. Solve the following problem conceming design considerations for collector cover
glazing: Additional layers of cover glazing teduce heat loss in a collector: why not keep_
addirig glazing to make the collector even more efficient? -
Ed “ E 3 . ’ \ ) .

N\

14

22. Complete the following list of statements concerning requirements for absorber plate
insulation.
a. . Since absorber plates frequently reach temperatures of more than 200°F, they
must be insulated to i . from
the.plate i )

b.  The back of the collector is typically insulated with a
thick fiberglass blanket

- . “ [y

- 100



c. Most ' . insulation currently available under-

. goes volumetrlc expansion at temperatures of 250°F and should be used with care,
if at all

d. Other insulations have problems with the outgassing of volatile elements which
can lead to- corrosion and

. e. Insulation selected should be evaluated accordhp to application needs

23. Solve the following problem concerning high temperature protection and its applica-
tions: When cooler fluid is pumped into a collector in a condition of stagnation, what
usually happens?

24. Complete the following list of statements concerning rules of thumb for circulating
pumps and solar system controls

a. Pumps ordinarily selected for residential and small solar applications should be
centrifugal types with mechanical shaft seals or

¢ -
b. Pumps may be close-coupled, in-line, or _
€. Pump should have a proper combination of
and lift characteristics for the application
d In . pumps must have sufficient lifting
e:apacnty to raise water from the storage tank to the top of the collector
e. In most small solar systems, the pumps wnII not &Xceed 1/4 to 1/3 horsepower
-~ and may be as small as 1/6 to 1/20 horsepower in
f. When centrifugal pumps are used, it is essential that they operate with a net
posntlve suction head
. g The * in the collector loop is normally
started or stopped by means bf a differential temperature control which actuates
. the cotlector pump when the collector temperature is higher than the tank water
temperdture, and shuts the collector pump off when the colleétor water tempera-
ture approaches the tank temperature . .
25. Solve problemssconcerning solar domestic water heating'systems. ,
26. Solve problems concerning solar space heating Syste
27. Demonstrate the ability to construct a working model solar water heater.
(NOTE: If these activities have not been accqmphshed prior to the test, ask your
instructor when they should be completed.) |
. 4 [ -
'
o ' 1 Ji ) j
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ACTIVE SOLAR HEATING SYSTEMS
UNIT II

ANSWERS TO TEST

6
10
15
7
1
4

16
18 21
12

20

23
19
22

—xT o Ta
—
w
~0vDOo>3
N
g<goe

~eo0 oD

Solar water
Heat exchanger
Equalized
Cannot

~® 0O

Collector

Expansion

Hotter |
Check -

Collector i

eapoTw

4. b,c.e , - f
5. a,cef,h

6. Any two of the following:
_a. Dual solar and conventional tanks
b.  Single storage tanks
c. Combined solar space and DHW heating systems
Collector e. Solar-heated
Electric heating element f.  Electrode
Outlet pipe g. A higher efficiency

Can

Large
110-120°F
Lowged .

pow

apoo

9. ab,c
10. Simple to operaté and control d. _Above the level
Higher Furnace
Storage tank . \ g. Solar supplied heat

pow
®

11. a,b,d, e

12. b. One inch . .
* ¢ Plaster 7 -
d. Heavy insulation ’

13. a,d, e, f, h




a. ‘Solar systems’

b. Thermal gradient \ B

¢. Fallen below

b o

a,b,c

cd,f

Vi

a. Corrosion

b. Absorber plate

¢. Piping

d 1/8

e. Dirtand debris

ab

Any four of the following:

a. Check the local water slipply for PH Ievel ‘

b. A trouble free history of copper plumblng in the Iocallty can usually be taken as
evidence that the water |s not aggresSive to copper, but it may be aggressive to
other metals

c. \IWhen there is a question concerning the presence of aggressive water, the water
should be' chemically analyzed, and a treatmegt engineer should be consulted to
prescribe ways to make and keep the water nonaggressive

d. When antifreeze or special heat transfer fluids ar€ added to tr{ water, it increases
the potential for corrosion

e. Anti-freezes which are propylene glycol {(nontoxic) or ethylene glycol (toxic)
based are the two major types of anti-freeze used with water in solar collectors

f.  Propylene glycol is claimed to be nontoxic and should be used in DHW systems
unless @ double walled heat exchanger is enployed

g. Anti-freeze solutions usually requie the addition. of corrosion inhibitors and

There is a point where additio

buffers for PH, and all anti-freeze
as required

lutions should be monitored and replenished

lazing actually diminishes collector efficiency

a. Maximize energy collection
b. 3tod-inch ~
¢. Foamed urethane )
d. Other collectable problems v !
This usually results in thermal shock which can cause the collector to buckle and the
glazing to break
Q
a. Totally sealed units : d. Opensystems -
b. Base-mounted e. Closed systems
¢. Flowrate g.  Circulating pump

Evaluated to the satisfaction of the instructor

Evaluated to the satisfaction of the instructor

Performance skills evaluated to the satisfaction of the instructor

g




RS'109

LOAD CALCULATIONS AND SOLAR COOLING
UNIT 111

UNIT OBJECTIVE

After completion of this unit, the student should be able to solve a problem concerning
consiterations for establishing heat requirements for solar water heating, discuss the concept
of degree days, list the procedure for sizing a solar collector, and discuss basic concepts of
solar cooling with absorption systems. The student should also be able to complete a sun-
chart worksheet for a specific solar application anMsize a solar collector. This knowledge
will be evidenced by correctly-performing the procedures outlined in the assignment sheets
_and by scoring 85 percent on the unit test. .

7’

SPECIFIC OBJECTIVES -

After completion of this unit, the student shgGld be able to:

1. Match terms related to load calculations and solar cooling with their correct
definitions.

. 4 I " . . -I ‘
2. Solve a problem concerning considerations for establishing heat requirements
for solar water heating. : .

3. Solve a problem concerning the éoncept of degree days and its formula.

4. Solve a problem concerning the concept of the degree day adjustment factor
and its applications, '

5. Solve a problem conlcerning the sun-chart worksheet and its applications,

6. Complete a list of statements concerning the procedure fér collector sizing.
’ [

7. Select true statements concerning rules of thumb for solar refrigeration systems.

8. Complete ‘a list of statements concerning basic concepts of solar cooling wjth
absorption systems.

.
(72

9. Match types of‘lithium—bromide'wat\er units with their characteristics.

10. Select true statements concerning operating principles of an absorption air condi-
tioner. .

11. Select true statements concerning system flow in a water chiller application,
12. Solve a problem concerning evaporative cooling with rock-bed storage.
13. Complete a sun-chart worksheet for a specific solar application.

14. Size a solar collector for a combination DHW and space heating solar s;ystem.

1us
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Give test.

LOAD CALCULATIONS AND SOLAR COOLING -
UNIT 111

SUGGESTED ACTIVITIES . -

Provide student with objective sheet.

Provide student with information and assignment sheets.
Make transparencies. ) i
Discuss unit and specific objectives.

Discuss information and assignment sheets.

Review basie elements of heating and cooling load calculations. s

(NOTE: This information is available in Manual J, Load Calculation for Residen-
tial Winter and Summer Air Conditioning; check with a local air conditioning
contractor to obtain a copy, or it may be ordered from The Air-Conditioning
Contractors of America, 1228 17th St. N. W., Washington, D.C. 20036; the
ASHRAE Handbook of Fundamentgls is another source for information on load
calculations, or the materials in Unit VI, "Residential Heat Loss and Heat Gain,"
Ajr Conditioning and Refrigeration, Book ///, as published by the Mid-American
\/ocational Curriculum Consortium, will serve the gurpose well.)
< . .

Invite a representative from a local gas or electric utility to talk to the class con-
ceming calculations for heating and cooling loads; most utilities use computer-
ized load calculatlons and it would be especially effective if the utility rep-
resentative could present a computerized load calculation that would provide
the students with additional information and assistance with the assignment
sheets in this unit. i

!
[}

Read the assignment sheets carefully, and select a model home that students can
use to adequately calculate Heating loads for a typical solar appllcatlon in your
specnflc locale.

Prepare a chart, of solar information pertinent to your area; it should include
latitude, degree day information, design temperature for both heating and cool-
ing, a solar insolation chart, and prevailing winter and summer winds.

Locate a businessvor residence in your area that is using a solar cooling system,
and invite the person most familiar with the system to talk to the class about its

{ilesign, performance, and maintenance.
!



INSTRUCTIONAL MATERIALS

-~

‘ l.  Included in this unit: o Lo
: A. Objective sheet
B. Information sheet
C. Transparency masters
1, T™M 1--Absarption Air Conditioner
2. %M 2--Flow Schematic of a Water Chiller Operation.
3. TM 3--Evaporative Cooling with Rock-Bed Storage
. D. Assignment sheets -
1. Assignment Sheet #1--Complete a Sun-Chart Worksheet for a Specifi‘c
Solar Application
2. Assignment.Sheet #2--Size a Solar Collector for a Combination DHW
and Space Heating Solar System i
E. [ Test /
F. . Answers to test ‘ o
. I, Refer;ences:
A.. Solar Energy'Systermns. New York, NY 10174: Copper Development Associa- ‘

14 tion, Inc., 1979,

B. Solar Energy Applications Laboratory, Colorado State University. Solar
*  Heating and Cooling of Resm‘ ntial Buildings, Sizing, Installation and Opera-
tion of Systems. Washingtog, D.C. 20402: U.8. Department of Commerce, -
1977. )

C. . Solar Energy Project, Text. Washington, D.C. 20545 U.S. Department of
Energy, 1979.

D. Solar Energy Prolect Reader. Washington, D.C. 20545 US Department
{ of Energy, 1979.

/
1£7 ] . »
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LOAD CALCULATI(l)JI'\\ﬁTAmE SOLAR COOLING 4

INFORMATION SHEET

I Terms and definitions v

A

Btu--Britisi thermal unit; the amount of heat required to raise the tempera-
ture of one pound of water one degree Fahrenheit S

Btuh--British thermal units per hour; unit used to express hourly heat
flow )

Dry-bulb temperature--The air temperature as measured by an ordinary
thermometer

Wet-bulb temperature-The air temperature as measured by a thermometer
whose bulb is covered with a wet cloth or wet wick and moved in air that has
a velocity of one thousand feet per minute -

Heat loss-The amount of heat lost through all building surfaces, walls,
floors, doors, and windows exposed to outdoors or to adjoining spaces
with different temperatures -

Heat gain--The amount of heat gained through all building surfaces, walls,
floors, doors, and windows exposed to outdoors or from adjoining spaces
with differen:ttemperatures . °

Load--The total heat loss and heat gain of a structure expressed in Btuh: this
calculation is used to size heating and cooling equipment

Ventilation--Controlled air brought into a structure
Infiltration--Uncontrolled air that leaks into a structurg,

ngﬁdity--The amount of water vapor or moisture that is present in the
atmosphere or any material

Relative humidity--The percentage of moisture in the air compared to
the total amount of moisture the air could hold at the same temperature
and barometric pressure -

Psychometrics-The science of measuring and changing the properties of
air 1 . ’

-
b -

Hydronics-The science of heating and ‘tooling with Iic}uids

“Nomogram--A chart which can be used with a straightedge 8 determine
the square footage requirements of a collector

Refrigerant-A substance used in refrigerating mechanisms to=absorb heat in
the evaporator

Absorbent--A liquid which combines cﬁemically with a refrigerant and
causes heat to be released in the process of combination
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“ INFORMATION SHEET
R-value--The rating given to a material's ability to resist heat transfer

Cfm--Cubic feet per minute
\

Ton of refrigeration--A refrigerating effect equal to 12,000 Btuh

eI R~

Chiller-The component in an absorption cooling unit whlch absorbs heat °
from the circulating water supply

. Considerations for establishing heat requirements for solar water heating

v A. Hot water consumption is the major factor influencing annual heat require-
& Ments

B. The amount of heat required to produce hot water depends on
1.. Number of gallons of hot water consuméd daily _
2. Inlet temperature of the cold water supply
3. Desired discharge temperature at the fixtures
- C. Deep wells produce water at a relatively constant temperatrx, but water

) from shallow wells, lakes, rivers, and reservoirs ,varies withgdchanging air
temperature throughout the year (Figure 1)

4 FIGURE 1
J F M A M J J A S O N D
‘ Albuquerque W 62 62 62 62 62 62 62 62 62 62 62 62
Soston Re 32 36 39 52 58 71 74 67°60 S8 48 45
. Chicago L 32 32 34 42 51 57 65 67 62 57 45 35
Denver R 30 40 43 49 55 60 63 64 63 56 45 37
Fort Worth L 4 49 57 70 75 8 79 83 81 72 56 48
' Los Angeles R 50 S0 54 55 63 70 73 73 72 68 |57 52
¢ LasVegas LW 57 B84 68 71 77 8 g 8 78 70" 65 57
, Miami W 70 70 70 70 70 70 70 70 70 70 70" 70
Nashvitle R 40 46 53 63 66 69 71 75 75 71 S8 53
New York Re 36 35 36 39 47 54 58 60 61 57 46 45
Phoenix * RiReWeds 48 50 52 57 59 63 75 79 69 59 54
Sait Laks C WC 35 37 38 41 43 47 53 52 46 43 38 37
Seattle Ri -43 42 46 51 56 61 65 68 65 58 52 44
Washington AN 42 4 52 56 63 67, 67 78 79 68 55 46

Soutce Data From Handbook of A Conditioning System Dtmgn P 5-41through 5-46 Mcan Hili Book Company
New York (1965) Abbreviatons C—Creek L—Lake Re-Reservow Ri—River W-Well -

.

‘ Courtesy Copper Development Association Inc.

1c
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INFORMATIGN SHEET -

The formula for determm g Btu requnrements for hop water is: Desired
discharge temperature mmuz inlet temperature of cold water supply times
" 8.33 (it takes 8.33 Btu to raise one gallon of water 1°F) times the number of
gallons of hot water consumed '
tNOTE: The chart in Figure 2 shows how the above formula would work in
determininy hot water requurements for a famlly of four in Nashville,
Tennessee; the desired discharge temperature is 135°F and the water con-

sumption is estimated to be 91 gallons per day.) *
o - , :
"+ FIGURE 2 o ' ' R
. l \ i N L] ) . ]
: um T
MONTH T!“'
v v ) myw ~, . - ‘ ‘ v
. - Febrhary 40 A 07 M ‘ \ -
Mach ¢ 53 62200 .
Apri 63 - 54600 e
S May % sz.m s '
T June [} 50, . T
o oy n .
August 75 45,500
_ Sepamber 75 - . 45,500 .
- October n (4850 g )
. . November - 58 - 58,400 ‘ ‘ .
N Decamber, 53, . 62200 . P .

Courtesy, Copper Development Association” InA

- Tty —

o N
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. ' INEORMATION SHEET *
. s

[

E. Typicallys a family of four consumes hetween' 60 to 90 gallons of ‘hot
water daily, but the hot water consumption requirements can be arrived

. K at fo‘ény latitude by interpolating betwéen the cold water supply tempera- T
- tures shown in Figure 1, the formula for arriving-at Btu.requirements given '
in item’D, and by using the chart in Figure 3 to achieve a number of
. 5,0 ¢
IR FIGURE 3 . i

. persons/gallons requirements figure Q

GALLONS PER DAY TOTAL/ZF

A

Courtesy Coppeér Development Association Inc
. :

N ’ . ' v
~ . ) . 11” "
- FRIC | IR S
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INFORMATION SHEET

Calculations obtéined.by usir}g the c’art in Figure 3 can be checked by
plotting a graph of the information; the graph should curve smoothly,

- and any sharp deviation in any month is a clue that an error exists (Figure 4)

(NOTE: The following graph reflects information previously noted for a

>

family of four in Nashville, Tegpessee.) *
FIGURE 4 ’
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/\ Courtesy Coppe[ Development Association Inc.

HI. " The concept of degree days and its formujja .
»

A,

¢

K .

Insteall of using’ peak heating demands to determine heating requiremqg;s,
the conceTt of degree days is used to determine average fequirements ¢

.

A degree day is a standard used to measure the heatir)g season's mean tem-
perature ' B
h

.

The number of degree days in a calendar day is dete?’mined by' the following
formula: Subtract the day's mean temperature from 65°F

Example: If the mean temperature on a given day is 50°F, subtract 50°F
from 65°F, and this yields 15 degree days for.that specific
calendar day A

Bﬁ adding the number of degree days for each day of the month, the averége
‘monthly conditions can be identified, and the average yearly conditions can
be identified \

(NOTE: Degree days charts for many locations in America and Canada are
available from many sources; examples will be given later in this unit.)




INFORMATION SHEET

E. In general, asolar system should be considered for a residence only when the

space heating demand has been limited to approximately 8 Btu per square
foot per degree day or less ) .

“ Example: Consider a home in Nashville, Tennessee, which loses 30,000
Py , Btu per hour, while the outdoor temperature,is 17°F; if this
temperature exists for a 24-hour period, the building demand
is 30,000 x 24 which is 720,000 Btu; since the design point
temperature is 17°F (48 degree days per day), the house
requires a net heat input of 15,000 Btu per egree’ day as
shown below: « ‘

) 30,000 Btu/hr x 24 hrs__ 15,000
, “{66'F degree day base - Btu/DD

17°F design point temp)

Assuming that the home's floor area is 2,000 square feet, the
required heat input is 7.5 Btu per square foot per degree day;
i since this is less than the requifements of 8 Btu per square

foot P/el‘ degree day, this house is a good candidate for solat
heating * :

F. ' Homes that exceed the minimum 8 Btu per square foot per degree day are
not well suited for solar applications and the money would be better spent

on insulation to reduce ene emands .
V. ~ Theconcept of’the’the e€ day adjustment factor and its applications

A. Because structures absorb’ radiaQt heat through windows and other compo-
nents, this actually lowers the building's heating requirements, but are not
included in peak load calculations ! .

-

° [y

<

>

AN




INFORMATION SHEET

B.  This adjustment is made by using a degree day adjustment factor as present-
ed in the following chart (Figyre 5) .

FIGURE 5
.3

20

-20

OUTSIDE DESIGN POINT TEMPERATURE ©F

-30
55 60 65 70 75 80 85 90

OEGREE DAY AGJUSTMENT FACTOR

-Theroutside design point temperature 15 based on

hourly average temperaturds for eachtour of a |

total year The average hourly temperatures will

be above the design point temperature 97'% s

percent of the year. - p

Courtesy Copper Development Associat[on' Inc.

Using the degree day adjustment factor is as simple as finding the outside
design point temperature and tracing a line across the chart until it intersects .
the proper adjustment factor, which will always be less than 1.0; then, the
average heat requirement calculated by standard measurement is multiplied
by the degree day adjustment factor , o

~
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INFORMATION SHEET

D. The heat Ioad calculations for each- month should be completed to include
the degree day adjustment factor and prepared in a chart such as.the one

shown in Figure 6

¢ F|GURE 6 Example: Nashville, Tennessee =~
. Month (BTU/Day)
Jadary 322,500
. February 296,700 +
- March 213,000
., hpnl 81,270
" May %16,650 -

June 0 *
July 0
August 0
September 12,900
7 October 65.750
, ’ November 212,850

December 304.600 Vo .
Courtesy Copper Development Association Inc.

E. Add all the heating load requirements to the hot water load requirements
. to obtain the total heating requirements for the home

V. The sun-chart worksheet and its applications

’

A. The sunchart worksheet is a simplified approach that permits rapid evalua-
¢ tion of heat loads and collector areas

(NOTE: The sun-chart worksheet was developed by the Copper ‘Develop-*
ment Association, Inc., and when properly used, generates results'equal to
or slightly more conservative than results achieved by computer analysis;
obviously, calculations cannot be guaranteed by the CDA, but when used
properly, the sun-chart worksheet can be an effective planning tool.)

B. The simplification of calculations is accomplished by making the follbwing
assumptions about solar system characteristics:

o+
\
. 1. The collector orientation is within 16 degrees of due south; applications
that vary significantly from this should be calculated after adjustment
. ) factors from an oriéftation chart

2. Collectors with c1rcu|atmg liquids are used to carry collected energy to
storage or load , ”

3. Water storage capacity ranges from 1 1/2 to 2 gallons per square foot of.
- collector array . ’

C.. The designer begins by entering the first five column s (A through E) avail-
able data concerning the application (Flgure 7 '

s
‘
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The dgsigner then performs six mathematical operations using these basic
data and enters the results in columns F through L (Figure 7)

A final multiplication yields data for the "Result" column on the far right;
the average daily heat produced during each of the 12 months by one square
foot of collector at a given tilt angle, operating at a specific temperature, and
installed in a particular locality (Figure 7)

1
108 . LOLLECTOR TYPE
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LATITUDE APPLICATION
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Courtesy Copper Development Association Inc,
.Information from the worksheet is then used to properly size the solar
collector - . .

(NOTE: Step by step use of the CDA sun-chart wbrksheet is presented in
Assignment Sheet #1.)

VI.  Procedure for collector sizing -

A,

Once the rate of energy output from the collector has been established,
the designer can proceed to find the collector area needed for a specific
application

It is normally not economically practicable to size solar systems to handle

100 percent of the heating requirements ,

s

Gollectors for DHW systems are usually sized to handle 70 to 80 percent
of annual heating requirements

Collectors for combination DHW and space heating systems are usually
sized to handle 60 to 70 percent of annual heating requirements

©

@ 1+
*E
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INFORMATION SHEET ’

As a rule of thumb, the correct percentages for sizing a collector can be
established by: .

1. Sizing a collector for a DHW systern so that it supplles 100% of the heat
requirement for the month of May .

2. Sizing a collector for a combination system so that it supplies 100% of
the heat requirement for the month of March

(NOTE: The procedure for collector sizing is covered step by step
in Assignment Sheet #2.)

Rules of thumb for solar refrigeration systems

A

Basic concepts of solar cooling with absorption systems

A

B.

Since refrigeration systems affect cooling by removing heat from the air as it
comes in contact with a cold, refrigerated surface, conventional vapor-
cognpressor cooling systems using electric motors are adaptable to systems
using solar energy

-

Absorption systems are not adaptable to systems using solar energy

M -

For economic reasons, the absqrptlon systems appear to be the most useable
in solar systems

Absorption systems currenﬁy available’include: L.
1. Lithium-bromide-water units <
2. Water-ammonia absorption units

Lithium-bromide-water units are more commercrally avallable than other
types of units

N

Absorption systems are similar in principle to an ordinary,, electrically

operated vapor-compression air conditioner . |

Instead of a refrigerant like Freon in a conventional air conditioner, inorgan-
ic refrigerants, such as water and ammonia, are used in an absorption ma-
chine together with an absorbent

An absorbent is a |IQUId which combines chemically with the refrigerant
and releases heat from the fluid mixture in the combination process

. ®
In a lithium-bromide-water unit, water is the refrigerant and the lithium-

bromide is the absorbent
fn an ammonia-water unit, ammonia is the refrigerant and water is the
absorbent

°

(NOTE: These units are normally used only for cammercial 9pp|ications.)
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System flow in a water chiller application (Transparency 2)

-

N

INFORMATION SHEET

Types of lithium-bromide-water units and their characteristics

ﬁ
A.  Air chiller-Cools air which contacts the cooling coils .

[

B.  Water chiller-Cools water whith contacts the cooling coils
Operating principles of an absorption air conditioner (Transparency 1)

A. The cycle begins when water in the liquid mixture in the generator is boiled
off and superheat®d with solar energy at a temperature between 170 and
210°F X

B. The superheated: water vapor passes from the generator to the condenser
where it is cooled to about 100°F by the cooling water from an outdoor
»  cooling tower

C. The vépOr condenses to a liquid and is then revaporized througf_f an expan-
sion valve which cools the vapor-liquid mixture to a temperature of 40°F in
the evaporator coils

D. The heat in the room air or water which is brought in contact with the
evaporator is removed by the cooled refrigerant in the evaporator

.

E.  The refrigerant then passes to the absorber'where it recombines with the. .
concentrated lithium-bromide solution from the generator at a temperaturt’’

of about 100°F

F.  In this recombination process, heat is released, and the heat is removed by
the cooling water from the cooling tower

G. The dilute solution of lithium-bromide and water in the absorber flows
by gravity, or is pumped back to the generator, and the cycle is repeated

H. Some lithium-bromideswater Systems use a recouperator as a heat exchanger

to make the system thermodynamically more efficient ,

A. The absorption chiller should be situated close to the hot water sforage
tank to minimize heat loss from the pipelines connected to the tank

B. Hot water from the top of the storage tank is pumped through the generator
by pump (P-2) and returned to the bottom 6f the tank: note that the piping
connection goes through the auxiliary boiler - ’

C. When the temperature in the storage tank is insufficient to operate the
absorption chiller, the auxiliary boiler is used to provide heat to the genera-
tor . )

-

D. Whgq"the auxiliary boiler is used, the three-way valve at the bottom of the
auxiliary bgller circulates the return water only through the auxiliary hoiler
so that auxiliary energy is not used to heat the solar storage tank '

—— RS-123
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t

Pump size and head depend on the flow rate and pressure loss through
the system and also the size and length of piping

. ! > -
A wet cooling tower 1s needed with the absorption chiller to discharge
the heat from the condenser and the absorber to the atmosphere

(NOTE: Some smaller systems employ air to discharge heat from the con-

denser.) ) ;

The size of the cooling tower depends on the size of the absorption machine

and the wet-bulb temperature of the ambient air

A pump (P-3) is needed to circulate the cooling water from the tower

through the absorber and condenser of the absorption machine

Chilled water from the evaporator is circulated to the fan-coil unit to cool

the air in the rooms . ' '

(NOTE: Operation of water-ammonia absorption units are sinfilar to the

lithium-bromide-water units except that operating temperatures are higher
" and a separator is inserted between the generator and condenser, but water-

ammonia units are not readily available and are not treated in this unit.)

X1, Evaporative cooling with rock-bed storage {Transparency 3)

(NOTE: Strictly spegking, evaporative cooling is nat a solar system, but rock-bed
storage of an air-heating solar system for storing cool air in the summer can be
= accomplished with the following procedure )

° -

A. Night air is evaporatively.cooled and circulated through the rock-bed to cool
* down the pebbles in the storage unit

+ -

During the day, warm air from the building can be cooled by passing th'é éir
through the coal p}bble bed

When a solar heating system with rock-bed storage is considered for cooling,

it is advantageous. to install the maximum storage volume consistent with

heating system design .
~

Evaporative cooling with rock-bed storage is best restricted to arid and

semi-arid regiofis with cool nights and low wet-bulb temperatures

(NOTE: In marginal conditions, evaporative cooling through rock-bed
storage might function, but it would produce an extremely uncomfortable
humidity of more than 70 percent.)
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- T - b . - ) -
t | } I —— A A
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e : Warm Air .
P - :— :::i_:_:::::: > - or Water
ump
4 ly -

Cooling Tower Water

|

(NOTE: This type of unit is designed for commercial use only.) .
Courtesy U.S. Department of Energy -

119 ' ‘ : 4

GZ1-SH



.
»

_ Heat ’
Exchanger

= |
2

. Flow Schematlc of a Water Chlller Operatlon

Cooling/Tower

‘ Fan Conl Unit - ~ . Water
to Rooms . Eg_‘ Supply
8 . .
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. | N
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‘ Tank Lo
| ¢ i enerator
5. b . e —
b ° 3 @ . Absorption Chiller..
E: ,
. Goars.

Kerosene

Q (NOTE: This opcntnon is for commercial use only.) |

Courtesy U.S. Department of Energy'
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LOAD CALCULATIONS AND SOLAR COOLING
IT L '

N .

ASSIGNMENT SHEET #1-COMPLETE A SUN-CHART WORKSHEET
FOR A SPECIFIC SOLAR APPLICATION.

LN

\
e [

e following example of how t.he CDA sun-chart

worksheet should be filled out column by column; these examples are from.a CDA sun-

chart worksiget prepar r application in Nashville, Tennessee, but all materials

presented qan be adapt it Iatltude type ot collector, and other pertinent factors

necessary to produce an accurate "Results" column. Refer to the completed' CDA sun-

chart worksheet as you move through the example The reference will’ assm you in under-,
nding each step and its particular significance in the process.

Dlrectlons 'Proceed carefully through

DATA INPUT (Columns A through E)

7

. Column A: ~ Enter the collector heat gain factor from the chart in Flgure 1; this chart

is a general,gmdelme but heat gain factors are supplied by manufacturers

of collectors; note that in the completed worksheet~the collector has 2 *

N " » plates and a copper absorber with selective/surface
‘ FIGURE 1 .o /
v P (S
A |
e
- 1CWM e A 28
Wi Pebecksucs B 138 :
2 Cover Pistes
—— - , Copper Absorber
’ ‘ with Flat Black Surface .72 90
1 Cover Plate ~
Copper Absarber
. Selective Surface 76 . 85 ,
o T
opper .
Selective S?nace a0, e~ . )
’ ) ~N

Caurtesy Copper Development Assgciation Inc.

Column B:.  Enter theé collector heat Joss factor from the chart in Figure 1; note what
~is entered on the completed worksheet and remember this mformatlon for

collectors not listed on the chart in Figure 1 ig avallable from the collector
manufacturer ;

Column C: Enter the daytime average air temperature for the Iocale this may be .
.obtained from available charts or from a lqcal. or regional weather station;

~_in the case of the completed worksheet, the daytime average temperature

- . for Nashvillee Tennessee during the month of January is 46°F and for the
month 6f JuIz is 87°F ‘

4

.




ASSIGNMENT SHEET #1

Column D: Enter the amount of horizontal solar energy received by a hori§pntal surface
on an average day in each month; this information is available in insofation
tables which are included as examples in this activity; enter the number
preceding the slash_in the insolation chart; note that in the completed
worksheet, the January figure is 601 and the July figure'is 2033; the entry
after the slash is a diffuse percent used interpolating information needed in
Column E

] . 1
" Column E: Enter the collector tilt factor: from the completed worksheet, you can see

: the entry of 1.44 is the January tilt factor for the Nashville latitude of 36°.
This requires interpolation, but here's how it works: In January, Nashville
has a % diffuse factor of 65%. If a collector tilt of 51° (latitude plus 15% is
desired, we must interpolate between both the positions of latitude and the Vo
tables for % diffuse. First, interpolate for latitude on each of the two appH-
cable % diffuse charts (60% and 80%).- On the 60% chart, we interbolate ”

. between the January factor for a collector tilt of latitude +15°, for 32°
latitude (1.37) and for 40° latitude (1.60). Since the latitude of the site (36"
is halfway between them, the result is 1.485, or call it 1.49. Simitarly, for
the 80% chart, the result is 1.28. Since the ’éﬁuse for Nashville in January
is 65%, an interpolation between 1.49 and 1.28 vyields a tiit factor of 1.4375,
call it 1.44, t is the tilt factor that should be entered across from
* January in column E ’

COMPUTATION SECTION (Columns M through L)

Column F: This entry is obtained by multiplying the quantities from columns-D and E;
on the completed worksheet, the January figure would be 865.44, call it 865

b . ?

-




Column G:

Column H:

Column J:

Column K:

. ASSIGNMENT SHEET #1

Enter here the assumed collector input temperature as obtained fram the
following chart in Figure 2; for Nashville for an application that combines
space heating and DHW, that figufe is 100°; be,careful with this part of the
procedure because this chart was prepared specifically for Nashville; other
locales will probably have different collector input temperatures from month
to month

o

FIGURE 2 ) Combined Domestic Water .
Space Heating  Heating Only (Add to
and Domestic Cold Water Supply
Water Heating Temperature)

Janvary 100° Cws + 20°
February 115° CWS + 3§°
March 140° CWS + 60°
. Apnil ' 155° aws + 75°
. May 165° CWS + 85°
June 75" CWS + 95°
July XBO‘ CWs +100°
August 180° CWS- +100°
September =75 CWS + 95°
October 150° CWS + 70°
P \ November 130° CWS + §50° .
' " December  105° WS + 30°

Courtesy Copper Deve t Association Inc.

Enter here the temperature difference between fhe c8llector inlet and the
daytime average air temperature; in other s, subtract Column C from
Column G; in the case of the completed worksheet, the figure is 54

This entry is obfained by dividing Column B by column A and multiplying
the result by 2 times the quantity from column H; in the completed work-
sheet, the figure is 100 ‘

This entry is obtained by dividi“ng the-result from Column J b\‘} the quantity
from Column F; in the completed worksheet, the figure is .12; the figure in
the completed worksheet is a little over 100, but call it 100

‘.
’

4
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ASSIGNMENT SHEET #1

Column L: This entry is obtained by referring to the écfllectable Energy Graph in Figure
3, finding the quantity obtained in Column K, then following the K axis
across the graph until it intersects the curved L axis; the completed work-

¢ sheet shows .42

-

FIGURE 3

.00 g
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o ¢ gug;t ey,

SRR LA ~ .
10 !*‘)%*'6@:53‘ vkt -
AV e

, .
\ v S:‘M i - v
} ) N '
. Lo

20

30IllllllLlJljlllJlLLli‘llJilllilllllllllll

.90 .80 70 L .60 .50 40 .30 .20

Courtesy Gopper Development Association Inc. ’ o

Result Column: ~ This entry is obtained by multiplying the values from Columns F and L;
: this is the amount of heat collected in Btu per square foot per day, / ‘
. an average day in a partlcular month; on the completed works’et, )
. the figure for January is 363.30, but call it 363; once the rate of .
output from the collector has been determined, the designer can
proceed to find the collector area needed for a specific application

___Assignment: Usmg the blank CDA sun-chart worksheet provided with this activity, com-
~ plete the worksheet with information provided by your instructor; this information should
include specific latitude, average daytime temperature, heat gain factor and heat loss factor
forsa given collector, necessary collector inlet temperatures, and whatever matecials are
necessary to complete the assignment; you may refer as needed to the sample exercise which
you 'have just completed; when you have finished the worksheet, and just for fun, write a.

.brief note explaining why the columns in the worksheet jump from "H" to "J" and omit
the "1.". Good luck. )

-




COMPLETED CDA SUN-CHART WORKSHEET

Iy

’

< >
ASSIGNMENT SHEET #1

L

Fal
JOB CDA Solar Home COLLECTOR TYPE Double Glazed Selective Surface '
LOCATION Nashville, Tennessee COLLECTORTILT 51° (Latitude + 15°) .
LATITUDE 36° North APPLICATION Space and Water Heating
A ] ¢ D £ F G H J K L RESULT
COLLECTOR | COLLECTOR | AVERAGE | HOMIZONTAL | COLLECTOR | INCIOBNT | COLLECTOR H J LIS TOTAL
HEAT GAIN | HEATLOSS | DAYTIME SOLAR TILYFACTOR | ENERGY INLET COLUMN G B J FOUND FROM | ENERGY
FACTOR FACTOR ~ AIR ENERGY  kFROMTABLE)| F Dx€ | TEMPERA | COLUMNG 2xon FIGURE41 | COLLECTED
(TABLES) | (TABLES) | TEMPERA- (FROM [ APPENDIX C TURE F F USING K Fxl
ORMFGS | ORMFGS | TUREF TABLES) (TABLE 9) 87U SO
ut LT APPENOIX B vOF > FT OAY
JANUAﬁY 70 65 46 601 144° 865 100 54 100 12 42 363
- FEBRUARY 70 65 48 882 130 1147 115 67 124 1 44 505
q MKRCH 70 * 65 57 1188 109 N 1295 . 140 83 154 12 42 544
APRIL 70 65 67 1638 88" | 14m 155 88 163 11 44 634
MAY 70 65 76 1911 63, 1204 , 165 89 165 1 37 445
JUNE ’ 70 65 * 84 J2081 61 1269 175 9y - 169 13 39 495
. JULY 70 6{ 87 ‘2033 62 1260 180 93 173 14 37 466
AUGUST 70 65 86 1845 89 1642 180 94 175 1 44 722
SEPTEMBER | 70 65 " | 81 1561 110 7 175 94 175 10 46 790
OCTOBlH 70 65 69 1199 142 1703- 150 81 ]50 09 48° 817
4 NOVEMBER 70 65 55 808 157 1269 130 75 139 1 44 558
DECEMBER | 70 ‘| 65 47 605 163 986 105 .58 108 1 o, a4 434

’

Courtesy Copper Development Association Inc.
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. '
, : THE UNITED STATES AND CANADA a. b c. (BASE 65)
HOW DEGREE DAYS ARE MEASURED A
Adegree 14y S 1standard medsire used by healing engineers to measure the heating season s ‘
scoldness Thet imber ot deqrer day~ 0 o calendar day s detgrmined by subtracting the day s mean
1Bmperature ram o5 tthe righ on 4 grven day was 60 dand the low was 40 the mean temperature that
1ay woub® De 50 Subilractedt from w5 this would give 15 degree days for that calendar day ‘ .
. .
[, i
o UNITED STATES
Avg N
State Station witer Fuy | Aug [Sept | Oct [ Nov {Dec |usan [Fep | Ma Apr | may | oune "m
Temp £ T
- >
Ala Birmingham A 542 4] 0 6 93 363 555 592 482 363 108 9 0 2551
. Huntsvitie A 513 0 0 12 127 426 663 694 557 434 138 19 0 | %70
Mobile A 599 o 0 0 22 213 357 4“5 300 " 42 0 0 | 1560
. Monlgomery A 55 4 0 0 1] 68 330 527 543 @7 318 % 0 0 20
Alaska | Archorage A 230 245 291 516 930 1284 1572 1631 4316 | 1293 79 592 s |1
Fawbanas A 67 173 332 642 (1203 | 1833 12254 | 2359 |190t 1739 [1068 555 222 |vra279
JuNGdu A 321 301t 338 483 725 921 1135 1237 1070 1073 810 01 30 %075
Nome A 131 481 496 693 1094 1455 1820 1879 1666 1770 1314 930 573 |11
Anz Flagsta*t A 356 46 68 201 558 867 1073 1169 991 91y 651 437 180 7152
v | Proeni A 585 0 0 22 234 415 474 328 7 75 0 0 | 1765
Tucson v A 581 0 0 0 25 231 406 a7t 44 242" 75 6 0 | 1000
Winsiow A 430 0 0 6 245 711 | 1008 | 1054 770 601 2% % 0 { 4782
Yoma . A 642 o 0 0 0 108 264 307 190 90 15 0 0 974
Ark Fort Smin A 503 o 0 12 127 450 704 m 596 456 144 22 0 | 3292
Little Rock A |"505 o 0 9 127 465 76 756 577 434 126 9 0 19
Terdrkana A 542 0 0 0 78 345 561 626 488 350 105 0 0| 253 -
. -
Cait Bakersh e A 55 4 ¢ 0 0 37 282 502 546 364 267 105 19 0 2122 :
Binop A 460 0 0 48 260 576 797 874 680 555 308 143 3 | 4275
. Biue Canyon A 22 28 37 108 347 594 781 896 795 597 412 195 5598
- Burbank A 586 0 0 6 43 177 k ] 366 277 239 138 ” 18 1848
Eureka “C 439 P20) 257 258 329 414 499 546 470 505 438 372 205 | 4643
N Fresno A 533 o+ 0 0 84 354 577 605 426 335 182 62 8 | 2811
) Long Beacn A 578 0 Q 9 47 T 316 397 3N 264 171 93 24 1903 |,
Lus Angeles A 574 28 28 2 78 180 29 372 302 268 219 158 [ 3] 2061
Los Angeles w 603 n 0 3t 132 229 310 230 202 123 L] 18 1349
M Shasta C a2 23 34 123 406 696 902 983 784 738 525 347 159 5722
Qakland A 535 53 50 45 127 308 481 527 353 255 180 2870
Reg Biutt A 538 0 0 0 53 318 555 605 26 41 168 47 0 2515
Saciamentn A 539 0 Q 0 |, 56 321 546 583 414 332 178 72 0 | 2502
Sacramen! C 54 4 0 0 0 62 312 533 561 392 310 173 76 0| 2419’ .
Sandbery z 68 U 0 30 202 450 691 778 661 620 | 426 264 S7 | 4200 <
San Dieqr a | 598 Y 0 21 43 [ 135 | 236 | 298 [ 235 | 214 | 135 90 42 | 1458 ;
Sar ¥ e A 534 a 7 60 143 306 462 508 395 363 279 214 126 | 0t
San Francis - §5 % 192 174 102 18 231 388 443 336 319 279 239 180 | 3001
Santa Marx A 543 99 93 96 146 2120 391 459 370 363 282 233 165 2967
Colo Alaroed A {297 6% 99 279 639 | 1005 | 1420 | 1476 | 1162 | 1020 9% 440 168 | 8529
Coirddo Spnn g A 73 9 25 132 456 825 1032 1128 938 893 582 319 o $423
Derver A 376 6 9 117 428 819 1035 1132 938 "7 558 268 66 8203
. Dor et C 48 u [l 90 366 714 905 | 1004 851 800 492 254 48 | 5524
" Gev tneter A 193 0 0 30 313 786 113 1209 907 729 387 146 21 5641
Puetiv A 404 n 0 54 326 750 986 1085 L Fal 772 429 174 1%
Conn Brageo A 399 0 0 66 307 615 986 1079 -966 853 510 208 27 5617
Hartore A 173 o 12 "7 394 714 1101 1190 | 1042 908 519 205 33 | 6235
New Hawer A 30 o] 12 87 347 648 1011 1097 991 a7 543 245 45 | 5897
Oel W B e gt A 425 0 0 St 70 588 927 980 974 735 387 12 8 4930
DC NasningIon a a7 o, 9 33 217 519 834 871 7 626 268 74 0| 4224
. N X
Fia Apaacnciea €] 612 0 0 0 16 153 319 347 80 33 0 0 | 1308
OaytoraBeacr A 645 9 0 o] 0 75 21 248 140 15 0 0 879
Frirt Myers, A 686 0 0 0 0 24 109 146 10 62 0 0 0 442
JACRSOT ke A 619 o] 0 Q 12 144 30 332 2 174 21 0 0| 1239
Koy Wes! A 739 0 1] 0 Q 0 28 , 40 3 0 0 0 108
Lake and C 567 f o0 bl 0 0 57 164 195 146 99 0 0 0 661
Mar A 71 4] 1] 0 0 0 65 L 56 19 0 0 0 214
Man Beacr 0 725 0 0 0 n 0 40 56 36 - 9 0 0 0 141
r ared A 657 1] n 0 0 72 198 220 165 105 6 0 0 768
Prosw A 60 4 0 0 0 19 195 353 400 277 183 k.3 0 0| 1483
- = Td-d" Anbhin a 60t ] 0 o] .28 198 360 375 86 202 3 0 0 1485
2 Tampa ¥ A 66 4 0 0 0 0 60 171 202 148 102 0 0 0 683 -
WestPymBe u oA 68 ¢ 0 0 o 0 6 65 87 64 31 0 ol o 253

Reprnted trom ASHRAE 1973 Systems Handbook Chapter 43  Energy k shmating Method P

PLA L Onaet ees test g, Lt ator ot the United Slates Weather Data tor Canadian ces where computed by the Cimatology Division Depart

Burmdu Vunthny M cies s yergt e P tabion and He dirg Degree ment o! Transpon from normai monhiy mean temperatures andihe monthly
Days YR are o e e W1 13310 1 a0 i usive These data also incude values of healing degree days dala were obtained using the Natonal Research
‘. eleemgtr - tomene I ) Rouisn 0 P, LDh alion whete avaidable Counci computer and a method devised by H C S Thotn ot the Unded States
, Weather Bureau The heating degree days are based on the period trom 1931
: Cara’crd portstat s A anet ity 3t ar L ane DO Qiven whete 10 1960
- dvalaDiv - A
\
} N -
| -
» 10 ~
- .
o .
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Aruitoxt provided by Eic:
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.o | ASSIGNMENT SHEET #1
\
AVERAGE MONTHLY AND YEARLY DEGREE DAYS, CONTINUED
N L]
Avg
oo Station woler | Juy [Aug [Sept | Ot |Nov Joec [san [Feo [Mar Axr | may [uwme Yoarty
[Temp °F - %
Ga. Athens Al sis B o 0 12 115 405 632 642 529 31 141 22 0 | 2929
Alanta AlSiz Y o0 0 18 124 a7 648 636 518 28 147~ 25 0 | 2981
Augusta A | s45 0 0, 0 i) 333 552 549 445 50 90 0 0 | 2397
bus Al s40 .0 0 0 87 333 543 552 434 ] 96 0 0 | 2383
Macon A | s82 0 0 0 7 2% 502 505 403 63 0 0| 2136
Al s \o 0 24 181 474 701 710 | s77 4 177 M 0 | 3326
Savannan Al 87 ‘0 0 0 47 246 437 437 353 254 45 0 0| 1819
Thomasviile c | 00 0 0 0 25 198 366 394 305 208 33 0 . 0 | 1529
Howas | Libve A | 27 0 0 0 0 0 0 0 0 0 0 0 o 0
Honoku Al 742 0, 0 0 0 0 0 0 0 0 0 0 0 0
Hio Al e 0 0 0 0 0 0 0 0 0 0 0 0 [}
oo [Bose A | 37 0 0 132 415 792 11017 | 1113 854 722 438 245 8 | 5809
Lewsston Al s10 0 [ 123 403 756 933 | 1063 815 694 426 239 90 | 5542
Pocatelio A k2] ] 0 0 172 493 900 1168 1324 1058 905 555 319 141 7033
[] Caro C | 478 0 0 36 164 513 91 856 680 539 195 47 0 | 3821
Chicago(O Hare)A | 358 0 12 17 381 807 | 1166 | 125 | 1086 939 534 260 724 | 6639
Chicago(Mutway) A 378 0 0 8 326 753 1113 1209 1044 90 430 211 48 | 8155
Chicago c | s 0 0 68 279 705 »| 1051 | 1150 1 1000 868 489 226 48 | 5882
Mokne Al 4 0 9 » 335 774 118 | 1314 {1100 918 450 189 39 | 6408
Peoria Al 38 0 6 .| & 326 759 | 1113 | 1218 | 1025 9 426 183 33 | 8025
Rocklord A k3 [ 9 114 400 837 1221 1333 ™37 961 516 238 60 | €830
Springheid A | 408 0 0 72 291 896 | 1023 | 1135 935 769 354 136 18 | 5429
nd Evanevile A | 450 0 0 66 220 606 896 955 767 620 237 68 0 | 4435
Fort Wayne A-| 373 0 9 105 arne 783 11135 [ 1178 | 1028 890 an 189 39 | 6205
*} inckanapolis Al »e 0 0 90 316 723 [1051 | 1113 949 809 432 177 39 | 5699
South Bend Al 3s 0 6 11 a2 777 11125 | 1221 | 1070 933 525 239 60 | 6439
lowa ' B Alare 0 0 93 322 768 |1135 | 1259 | 1042 859 426 17 33 | 6114
Des Mones A | 358 0 (] 96+ | 363 828 |{1225-| 1370 { 1137 915 438 1 30 | 6588
Dubuque Al 37 12 31+ | 156 450 906 | 1287 | 1420 | 1204 | 1028 546 2 78 | 7378
Sioux City A | 0 0 9 108 369 867 )34%_ 1435 | 1198 989 483 4 39 | 6951
Waterioo A | 326 12 19 138 428 909 472967 1460 | 1221 1 1023 531 29 s4 | 7320
Kans Concordia A 404 0 0 57 276 70/ 1023 | 1163 935 1] 372 14 16 | 5479
Dodge Cy A | 4258 0 0 k] 251 666 | 939 | 1051 840 719 354 12 9 | 4986
Goodiand A | ars 0 6 81 s 810 | 1073 | 1186 955 884 507 236 S\ 42 | 6141
Tppeka Al &7 0 0 57 270 672 980 | 1122 893 722 330 124 12 | 5182
Wichta L A M2 0 0 33 229 618 905 | 1023 804 645 270 87 8 | 4620
Ky Covington Al 414 0 0 75 291 669 983 | 1035 893 756 390 149 24 | 5265
Lexinglon A | 48 0 0 54 239 609 902 946 818 685 325 105 0 | 4683
Lowsvile Al 440 0 [. o 54 248 609 a0 930 818 682 s 108 9 | 4660
La- Alexandna Al 575 % 0 0 56 27 4 an 361 260 69 0 0 | 1921
Baton AT| ss8 0 0 0 AN 216 389 409 294 208 33 0 0 | 1580
LakeCharles A | 608 0 0o Yo 19 210 341 k2] 274 195 39 0 0 | 1459
NewOrieans A | 810 ] 0 0 19 192 322 363 258 192 39 0 0 | 1385
NewOrieans C s1s ' O 0 0 12 165 291 344 241 177 24 0 0 1254
Shreveport A | 582 0 0- 47 297 477 552 426 |" 304 81 0 |, O [ 2184
Me Cartbou Al 24 7 115 336 682 | 1044 [ 1535 | 1690 | 1470 | 1308 58 | 458 183 | 9767
Porttand A ]380 § 12 |u 53 195 508 807 (1215 {1339 1182 { 1042 ~§ 675 372 m | sn
Md Baitwnore Al a7 0 0 48 264 585 905 936 820 678 327 90 0 | 4654
- Bammore C | 462 0 0 27 189 486 806 859 762 629 280 65 0] &
Frederch A | 40 .0 0 66 307 624 955 995 876 741 384 127 12 | soe7
Mass Boston Al @0 0 9 60 316 603 983 |j 1088 972 848 513 208 36 | 5634
Nantucket A | w2 12 22 93 332 573 896 992 941 896 621 384 129 | 5891
Prisheid A | 328 25 59 219 524 831 1231|1339 | 1196 | 1063 660 326 105 | 7578
 Worcester Al a7 6 4 147 450 74 | n22f [ 121 | 23 998 612 304 78 | 6969
Mich 337"' Al 27 68 105 273 580 912 [1268] | 1404 | 1299 | 1218 77 446 156 | 8506
od (CRy} A | 372 0 0 87 | 360 738 ) 1088} | 1181 | 1058 936 522 220 42 | 6232
Detrod (Wayne) A ] 371 0 o 96 353 736 | 10881 ] 1194 | 1061 933 534 239 57 |.6293
Detrot (Wilow . E
Aun) Alz32 J-o0 0 90 357 750 | 1104 | 1190 | 1053 921 519 229 45 | 6258
Escanaba”’ cC | 26 59 87 243 539 924 | 1293 | 1445 [ 1296 | 1203 77 456 159 1
Fint A 1 331 16 40 159 465 843 ) 1212 [ 1330 | 1198 | 1066 639 319 90 | 7177
Grand Rapds A 349 9 28 135 434 804 | 1147 | 1259 | 1134 | 1011 579 279 75 | 6894
Lansing A} M 6 22 138 431 813 | 1163 | 1262 | 1142 | 1011 579 271 69 | 6909
Marquetie c 302 59 3] 240 $27 | "936 | 1268 | 1411 1268 | 1187 m 468 177 | 8393
Muskegon Al 380 12 28 120 400 762 | 1088 | 1209 -| 1100 995 594 310 78 | 6696
SamSte Magp A | 277 96 108 27¢ 580 951 [ 1367 | 1525 | 1380 | 1277 810 477 . P201 | 9048
Minn Duluth A | a4 7 109 330 632 | 1131 | 1581 | 1745 [ 1518 | 1355 840 430 198 | 10000
Minneapohs A} 203 22 n 189 505 | 1014 | 1454 163 1380 1166 _ | 621~ 288 __ .o -
***** 1 Rochester AT BT 25 34 186 | .474 | 1005 | 1438 | 1593 | 1366 | 1150 630 301 % | 8295
Miss Jackson A | ss7 0 0 0 65 315 502 546 414 310 87 L] 0 | 2239
Merdran A} 554 0 0 0 1 339 518 543 a7 310 81 0 0 | 2289
Vicksburg C | 569 0 0 0 s 279 462 512 384 282 69 0 0 1 2041
Mo Columbia A 423 gl 0 54 251 651 967 1076 874 716 324 121 12 5046
Kansas Crty A | 439 0 0 39 220 612 905 | 1032 818 682 294 109 0| 4m
St Joseph A | 4023 0 6 60 285 708 | 1039 | 1172 949 769 us 133 15 | s4se
51 Lows A 431 0 [ 60 251 627 936 1026 B4S 704 312 121 15" | 4900




ASSIGNMENT SHEET #1

AVERAGE-MONTHLY AND YEARLY DEGREE DAYS, CONTINUED

r——"ﬂr“ e, i T *_[—" - aJ
State Station July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June

S Lous ¢ | aan v 0 6 |00 | e | aas {97 | Bor |-est |20 T w7 0 | 4484
Sponghend a5 24 00 R?7 973 781 660 291 105 6 4300

»
-
-
N

o
o

Mont Blings A M5 [ 15 | 186 487 89" 13 1296 1100 970 7! 485 102 7049
Glasiow A 264 n 4/ 270 608 1104 1466 1711~ (1439 1187 648- 335 150 8996
Great Fail A 328 '8 53 258 543 921 Med 11349 J1154 | 1063 §42 384 186 | 7750
Havee A 281 i) 53 306 595 1065 1367 1584 1364 na 657 338 162 4700
Hdyres C 298 19 3° 252 539 1014 131 152 1305 1116% 612 304 115 8182
Helena A KAl 3 59 294 601 1002 1265 1438 1170 1042 651 381 195 8129
. Kattopett A 314 50 99 921, | 654 | 1020 [1240 [1401 1134|1029 639 397 207 |+819t
Mies Ciy A N2 6 6 17 502 972 1296 1504 1252 1057 579 276 9 7723
Missouid A s 34 T4 303 651 1035 1287 1420 1120 970 621 391 219 8125
Neb Grardtisland  + A 360 [ 6 108 381 834 1172 1714 *[1089 908 462 211 45 6530
~ Lincotn & 388 0 6 75 401 726 1066 1237 1016 834 402 1 30 5864
Nortoh A 340 9 0 m 397 a73 1234 1414 179 983 498 33 48 6979
North Pratte A 355 0 6 123 440 885 1166 127 1039 930 519 48 57 | 6684
Omaha Aq {356 0 12 105 357 828 1175 1355 1126 939 465 208 42 6612
. Sottsbluty A 359 4] 0 138 459 a76 1128 1231 1008 921 552 - 285 75 6673 -
Valenne A 326 9 12‘ 165 493 942 1237 1395 1176 1045 579 288 84 7425
Nev Edo A 340 9 3t |22 561 924 1197 [1314 1036 911 621 | 409 192 | 7433
Ery A | 331 28 4 234 592 | 939 1184 1308 41075 977 672 456 | 225 (7733
, Las Vegas A 535 0 0 0 78 387 617 688 487 335 1" 6 0 | 2709
Reno A 393 a3 a7 204 490 801 |1026 41073 823 729 510 157 189 | 6332
Winnemuccd A 367 0 34 210 536 876 1091 172 916 ' 437 573 363 153 | 6761
A)

*I NKH Concore A | 330 6 50 v77 505 822 |1240 {1358 1184 1032 636 298 75 | 7383

Mt Washinglon -
Ohsy = 15¢ {Q‘i 536 720 1057 14 1742 1620 1663 1652 260 | 930 603 13817

- NJ Atlantic City 432 0 o | 39 251 549 Bao 936 848 741 420 ARX] 15 4812
New ark 428 0 0 10 248 573 921 983 a76 729 381 18 0 [ 4589 .
4 Trenton 424 0 0 57 264 576 924 989 885 753 399,' 121 12 4980
-
NM Albuguerque 450 0 0 12 229 642 868 930 703 595 _|288 81 0 4348
Clayton ! 420 0 6 66 310 699 899 986 a2 747 429 183 21 5458
Raion 381 9 28 126 a3 825 1048 1me 904 834 543 301 3 6228
¢ Rosweit 475 o 0 Ya .| 202 573 806 840 641 481 20 3 0 3793 -
. Siver Gty 480 .0 0 6 183 |, 52% 729 791+ [605T | 518 261 87 0 {3705
+
NY Alhany 346 4] t3 138 440 777 1194 1311 1156 992 564 239 45 6875 -
Abany 372 0 9 102 375 699 1104 1218 1072 908 498 186 30 | 6201
Binghamion 339 22 65 201 an 810 |1184  [1oc7 |11 (1045 645 313 99 | 7286
Binghamton 366 0 28 141 406 ~73 130° 1190 1081 949 543 229 45 6451
'y Butfain M5 19 37 Yerat 440 977 1156 1256 1145 1039 645 329 78 7062
Q New York (Cent . .
< Park, 428 0 0 30 233 540 902 986 885 760 408 -1 118 9 4871
New York il a ) . '
Guartha: A 431 0 a 27 M 528 887 “| 973 879 750 414 124 6 4811 .
New York ] . hiFA
Kennnedy ! A a4 0 0 36 248 564 933 11029 935 815 480 167 12 | 5219
. Rox hester A 354 9 T 126 415 747 125 1234 1127 1014 597 279 48 6748 *
St nenetady C 354 0 2 123 122 756 1159 1283 nin 970 543 21 30 6650 - v ‘
Syracuse A 352 [ 28 132 415 744 11513 127 1140 1004 570 248 45 6756 .
NC Asheviie C 467 0 0 48 215 555 DEE] 784 687 592 273 87 0 4042
7 ape Hatter gy 533 -0 0 0 8 273 51 580 518 440 17 25 0 2612
N Chariotte A 50 4 L} 0 6 124 438 691 691 582 -~ 481 1 22 0 3191
Gresnsboro A 475 o] 0 13 192 513 hE{. IR T} 672 34 47 0 3805
Raiegh A 494 0 0 ol 164 450 7te L 725 616 487 180 34 0 3393 -
Wimingion A 546 0 0 0 7 29 521 | 5340 462 357 96 0 0 2347
Ha! Winston Salem A 484 [ 0 2 7y 483 747 75 652 524 207 37 0 3595 .
.
J +{ND Bismarcn A 266 34 28 222 5877 1083 1463 1708 ¢ 11442 1201 645 329 "7 4851
( DevisLake C 224 A0 53 273 ba2 "N 1634 1872 1579 1345 . | 753 38 138 9901
fFugo A 248 28 37 219 574 1107 1569 1789 1520 11262 690 332 99 9226
Willkston A, | 252 " 43, |26 601 1122 1513 1758 1473 1262 681 357 141 9243

Oho Akron Canton A | 381 0 9 % 381 26 [0 |[n3s |01 87t | a89 202 39 | 6037 -
Cunennah ¢ |ast 0 0| 39 208 so8 | 862 915 790 642 294 96 .6 | 4410
Cleveland A larz 9 25 105 384 738|088 |risu |1047 918 552 260 66 | 6351
Columbus A 397 0 6 81 347 714 11039 1088 949 809 426 171 27 | 5660 -
Columbus c |ars 0 0 57 285 651 977 1032 902 760 396 136 15 | 5211
Daytn A ]398 n a 78 310 636 }1045  |10a7 955 809 429 167 30 | s622
M« tiein A 369 9 22 14 197 768 110 1169 1042 924 543 245 60 6403
Sagusky .« G| 391 0 '3 66 313 684 [1032  |1107 991 868 495 198 36 | 5796
Tone o4 A |34 0 % vy 106 792 1138 fr2oo  [10%6 924 543 242 60 | 6494
N o Stown A ]38 6 19 120 412 EECI RRT YR RRT: N A TP 921 540 248 60 | 6417
N - Oula CRoaAPGTA Ly _ A - 15 _ | 1ed | ags 766 868 664 527 ko | 34 0_|37s I
T T Tuls. i T '8 I 'g“ 18 158 | 8257 s8¢ 893 | 683 %39 213 o G [ 3860

Ore Astor 3 A |ass6 146 1T {20 ) 561 0™ 753 20 636 480 363 23t | 5186
Burns [ 359 12 37 210 514 86 1113 1246 988 856 570, | 366 177 | 8957
E s A | 456 34 34 120 166 S8 “1o -] 803 627 589 26 279 135 | 4726
Mé 5¢nam A 342 84 124 288 580 918 1091 1209 1005 983 26 527 9 | 7874 N &+
Meadtord A a2 0 0 8 370 678 B aig ha7 642 43 242 78 | 5008
Prndietor A 426 0 0 1"t 350 7 B&1Y 1 771 61” 196 205 o 63 | 5027 R
Prmang A 456 o5 8 14 NI 5q7 735 829 644 586 39 245 105 | 4635
Portiand § 474 12 h i °67 ‘:u by 8] 544 536 351 198 H 4109 -
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AVERAGE MONTHLY :AND YEARLY DEGREE DAYS, CONTINUED

ASSIGNMENT SHEET #1

»
Avg ( Yearl
State Station Winter July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June T"' Y
emp F - otal
Roseburg A 463 22 16 105 329 567 13 766 608 570 405 26 123 4491
Salem A 454 37 N m a3s 534 729 822 647 811 417 27 144 4754
Pa Allentown A 309 0 0 90 353 693 1045 1116 1002 849 47 T 167 24 5810
e A 368 0 25 102 ki3l 714 1063 1169 1081 973 585 288 60 6451
Harrisburg A 412 0 0 83 298 648 992 1045 907 766 396 124 12 H251
Phiaseiphia A “as 0 0 ~60 297 620 965 1016 889 747 392 18 40 5144
Philadelphia o} 4“5 0 0 30 205 513 856 924 823 691 51 9 0 4486
Pitsburgh A B4 0, 9 105 375 726 1063 19 1002 874 480 195 9 5987
Pisburgh C 422 0 0 60 291 615 930 983 885 763 390 124 12 5053
Reading C | 44 ¢ 0 54 257 597 933 | 1001 885 | 75 3r2 106 0| 4945
Scranton A 3r2 0 19 132 434 762 | 1104 | 1156 | 1028 893 498 195 3| 8254
Withamsport A 5 0 9 e 75 217 (w073 f s | 002 86 468 177 24 | 5934
L] , Block Island A 40t 0 16 78 307 594 902 1020 955 877 612 4 99 5804
Pravidence A s 0 16 96 372 660 1023 1110 988 868 534 236 1 5954 o
SC Chariesion X 56 4 0 0 0 59 282 a1 487 389 291 54 0 4] 2033
Charleston £ 578 0 0- 0 k] 210 425 443 367 273 -2 0 0| 1794
Columbia A 54 0 0 0 84 345 577 570 470 357 a1 0 0 2484
Florence A 545 0 [4] [4] 78 15 552 552 459 347 84 0 0 2387
Greenvile -
‘Spanonbug A 518 0 0 6 121 399 | /651 660 546, ! 445 132 19 0 2980
S0 Huron A 288 9 12 165 508 1014 1432 1628 1355 1125 600 288 87 8223
Rapw Cy A 34 22 -12 165 481 897 172 1333 1145 | 1051 615 326 126 7345
Stoux Fatls A 086 19 25 168 462 972 1361 1544 1285 1082 573 270 78 78339
!
Tenn Bnsiol & A 442 0 0 S1 236 573 828 azs 700 | 598 261 68 0] 4143
Chattancoga . A | 503 0 0 18 143 468 | 698 722 577 1 453 ] 25 0| 3254
Knoxvillg 7 A 492 [4] 0 30 7 489 ‘728 732 613 | 493 198 43 [4] 3494
Memphis A 508 [4] Q 18 130 447 698 729 585 | 456 147 22 0 3232
Memphis C 518 0 0 12 102 396 648 710 F 568 | 434 128 16 0 3015
Nashvilie A 489 0 0 30 158 495 732 778 644 | 512 189 40 0 3578
Oak Ruige C a7 ° 0 39 192 53 772 778 669 | 552 228 56 0 k2l
.
Tex Abilene A | 539 0 0 0 99 (/366 | 585 s;; 470 I 347 114 0 0] 2624
Amarilp . A 470 4\ 0 8 8 205 570 797 8 664 | S4p 252 56 0 3985
Auslin A 591 10 0 k) 225 388 468 325 “ 223 51 0 0 1711
Brownsyiile A 677 0. 0 0 0 66 149 205 106 | 74 Q 0 0 600
Corpus Christi A 646 Q 0 0 0 120 220 291 174 | 109 0 G Q 914
Qallag A 53 g 0 0 62 1 524 601 440 i "9 90 6 0 2363
ElPaso A 529 0 0 84 414 648 685 445 1 g 105 0 0l 2
Fon Worth A 551 0 0 0 65 324 536 614 448 | 319 99 0 0 2405
Gaiveston A 622 0 0 0 6 147 276 360 263 { 189 3 0 Q 127
Gatveston C 620 0 0 0 0 138 270 350 258 189 30 0 0| 1235
Houston A 610 0 0 0 6 183 307 384 288 ’ 192 36 0 0 1396 4
Houston C 620 0 o} 0 0 165 288 363 258 174 30 a 0| "i278
Laredo A 660 0 0 0 0 105 217 267 134 74 0 0 0 97
Lubbock A 488 0 0 I} 17a.] 313 744 800 613 184 201 Ell 0] 78
Midiand A 538 0 0 Q a8/ 381 592 I 651 468 322 90 0 4 2591
Port Arthur A 605 0 0 0 22 207 329 | 384 274 ‘ 192 39 ] n 1147
San Angelo A 56 0 0 0 0 €8 18 536 | 567 413 288 66 0 0 2255
San Antonio A 601 0 0 0 k1l 204 363 428 286 l 195 19 o 4 1546
Viciona A 627 1~ 0 0 [l 6 150 270 34 230 152 21 0 N 1173
Waco A 572 0 [4] 0 k] 270 450 536 389 270 "k Q o 2070
Wichia Fails A & 530 a [} Q 9 KIEY 632 598 =18 378 120 n b 283
Utan Mittord A 365 0 0 9 143 867 1"y 10460 B8 ? PN R 20 g” 6447
Sait LaneCity A 384 0 0 81 419 849 1082 nr 310 1 ey 4h9 LER) 84 6052
Wendover A 391 0 0 18 a2 827 | 109t N 902 f 29 408 [ 1| 5778
vt Buriinglon A 294 28 65 | 207 539 891 1349 | 1513 | 1ayy f 1pa” "1 353 @ | a9
va Cape tienry c 500 0 0 0 12 60 645 694" 633 | L6 24k 59 N 3279
Lynchburg A 480 Q 0 51 223 540 822 849 ]l 605 267 "8 0 1166
Noriok A 492 0 0 o 136 408 698 EL) 6595 | 4533 216 37 0 3401
Richmond A 473 0 0 £ 214 495 784 815 03 | e 219 $3 af 386y
Roanoke A 46 t 0 0 o1 229 549 825 834 r22 Jy 614 261 [ 0 4150
Wash Qtympia A 442 68 N 198 422 6136 751 834 67¢ 545 150 - 1T 5216
Seattie Tacoma A 442 56 ¥4 162 39 633 50 aza [ 65~ 474 "a, 159 5145
Seatte c 489 50 47 129 129 543 65% 1 "8 599 577 396 242 " 4424
Spokane A 365 9 25 168 193 879 ‘082 AARE Qasn 834 53 88 135 6694
Walla waila c 438 0 0 a7 310 681 843 986 i >89 2 17> 15 1 4805
Yakma Al 391 Q 12 143 150 828 ) 107 | 1163 Bw MK! 415 ~20 6a | He
Wva Charlesion A a8 0 0 63 254 591 86% 8an Te A48 300 i LRI
Eming A 401 9 25 135 400 29 92 | 108 896 91 441 168 R 567,
Huntingion A 450 o] 0 [-3] a7 585 856 880 764 LR 1) el ] aq 1] 4446
Parkersburg [ 435 J 0 of *hi 606 905 932 824 har 1.9 tem [ 4754
Wisc ‘Green 8y A 303 28 50 17 484 | 2 a4 1333 1194 1313 1 bl 13n "y 809
LaCrosse A 315 12 9 153 43 921 41330 poanpa Loy s ) o ot 24k A4 ThBY
Mactison A 09 25 40 ' 1y 930 | 1330 ] vty | o | vray N 30 N2 | "Bkl
Milwaukee A 326 43 47 "1 47t A6 1262 1376 [AEX] IHEY) 1 (I IR tn
Wyo asper A 34 6 16 192 ] apy 1109 1290 10R4 1o " Iy 129 T
heyenne Al 2 28 3" 219 1 909 ) 1085 [ 21 | opar [ e > 408 " Tin
t ander A 314 6 19 204 554 00 1299 IEAN (AR} T sl i Ve &
Sheraan A 325 25 it 219 D) Q48 1290 tia, J ol Torae nd_ J e’ ML TR
B - - - T _r
’ .
" A
- 3
o
153
[V XV
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ASSIGNMENT SHEET #1 .

AVERAGE MONTHLY AND YEARLY DEGREE DAYS, CONTINUED

B CANADA
—————p - T T g
Prov Staton Dnmv oy | Aug [Sept [ Oct | Nov | Dec | yan | Feb | Mar | Aor | Mey -
[% omp
Alta Ban#t ( 22n 295 498 797 | 1185 | 1485 | 1624 | 1364 | 1237 855 589
Cagar, A 109 186 402 N9 110 1389 157% 1379 1268 9% ar7
t dmonton A 74 180 | 411 738 | 215 | 1603 | 1810 {1520 | 1330 {785 400 .
Mo ige L) 56 12 ns 611 1011 1277 | 1497 | 1291 159 696 403
8C K amioops A 22 40 189 546 %4 138 1314 1087 e 482 217
Pance Geurge A 236 251 444 747 110 1420 1612 1319 "2 .| &7 488
FoeacoRopent ¢ kS| 48 339 539 708 [ 936 08 82 648 493
Vaneouver A 3] 87 219 456 857 7 862 byl 87¢ 501 30
af Vetona A 136 140 225 462 663 775 840 1L 891 504 I
Vetona C 172 184 | 24) 426 607 723 805 668 680 87 354 a
Man Brandon A 4 90 357 747 1290 1792 | 2034 1737 1478 037 aan
Churchit' A 360 375 681 1082 1620 2248 2558 2n 2130 1568 1153
The Pas C 59 127 429 831 1440 | 1981 | 2232 | 1853 | 1824, | %e9 500
- Wianpeg A 38 7 322 |,683 | 1251 | 1787 1719 | 1485 813 4047 | 147 | 10879
NB Frecercion A 8 68 234 592 915 | 1392 { 1541 [ 1379 | 1172 753 408 141 | o471
Mon ron C 62 105 276 611 891 1342 | 1482 | 1336 | 1194 709 480 17 | erer
N St John c 09 102 246 527 807 | 1194 | 1370 | 1229 | 1097 758 490 248 | 8218 °
Nod Argentia A 260 187 294 564 750 | 1001 | 1159 | 1085 | 1091 (1] 707 40 | 8440
Corngr Brook  C 102 133 324 842 873 [ 1194 | 1358 | 1283 | 1212 [ o] [ 4 333 | a7
Ganoer A 21 152 330 670 909 120 1370 1288 | 3243 [ x1} 857 K} 8254
Goose A 130 205 444 843 | 1227 | 1745 | 1947 | 1608 | 1494 | 1074 44 348 | 11087
St Johns A w 186 180 342 651 (=]l 1113 | 1262 | 1170 | 1187 827 10 Q2|
NWT | Ak c| @ |22 | a9 |mor |1ata | 208 | 2530 | 2632 |2336 | 2282|1674 | 1083 | 483 | 1800
Fort Ne rman C = 164 4 666 1234 1959 2474 2592 2208 1386 732 294 [ 16109 - -~
Restiution tsland C 3 84) LX 900 {1113 | 1311 [ 1724 | 2021 | 1850 | 1417|1408 |1tB1 942 | 10021 .
NS Halltax c* : 58 51 180 457 710 1074 1213 1122 1030 :‘g 487 237 7381
Sydney A g 62 7t 219 518 765 1Mm3 1262 1206 1nso | 567 278 8048
Yarmouth A 102 15 225 arn 696 | 1029 | 1156 | 1085 | 1004 726 493 258 | 7340 .
f
Ont Cochrane C . 96 180 405 760 1233 1778 1978 1701 1528 263 570 222 | 11412
ForWilam , A 90 133 366 694 1140 1597 1792 1557 1380 [ 243 543 237 | 10405
Kapuseasing C T4 7 405 756 1245 1807 2037 1735 1562 e7e 580 222 | 11872 N
Kichener C 18 59 177 505 855 1234 | 1342 1226 101 683 322 “ 7586
Lonagon A 12 43 159 477 837 [ 1208 | 1305 | 1198 | 1066 (134 R 68 | 7348
Nortt B ay C 7 90 267 600 990 1507 1680 1463 1277 780 400 120 2218
- Oftawa C X 81 222 567 936 1’9 1624 tag 1231 708 I 90 | 8735 o
Toronte C 7 18 15t 439 760 1 1233 118 1013 (1]} ) 82 | 6827
PET |« haronetuwr ¢ ! 53 198 | 518 | soe Jrz1s [ 13m0 [r2ze [ viee | 813 |49 | 208 | s184
. Summersxie 47 84 216 546 840 | 1246 | 1438 | 1291 | 1206 84 518 216 | 8488 L,
ue Araga o 102 136 327 682 1074 1859 1879 1818 1407 0t 521 231 | 10528 .
Morten A 9 4 165 521 882 | 1392 1566 [ 1381 | 1175 | 684 e 4203 ,
M ntreas C 16 28 165 496 864 | 1355 | 1510 | 1328 | 1138 057 208 s4 | 7009
Quebe A 56 84 273 636 996 | 1516 | 1665 | 1477 | 1298 0] 428 126 | 8372
Quedey C 40 68 243 592 972 | 1473 {1612 [ 1418 | 1228 780 400 11 | 8937 .
Sashs Prige Aben A LAl 136 44 797 1368 1872 | 2108 1763 1559 %7 a“s 219 111630 .
Angisa A ’8 93 360 T41 1204 171 1985 1687 1473 804 409 20V | 10808
SdnkAtooN C © 56 87 n 750 1302 1758 2006 1889 1463 798 403 186 | 10870
\2 S awson < 164 326 645 [1197 | 1875 |2415 | 256 | 2150 | 838 |1008 570 250 | 15087
Mayo Lanang € 208 366 648 1135 1794 | 2325 2427 1992 1685 1020 5% 204 | 14454
The 1ar ' st fOMMG S apre towe e Holl len yedr penod 1951 1960
Aty St TP STar dQranormalpe o 1931 1960
)
SR - 4
-
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ASSIGNMENT SHEET #1

.

INSOLATION AND PERCENT DIFFUSE TABLES

BTU per sq. ft. per day/% DIFFUSE
o LY
W =
Cy Lat Jan Fob Mar Apr May June, July Aug Sept Oct | Nov Dec
ALABAMA , »
Birmingham »ns 708/53 | 06748 129545 | 1872/40 | 185540 | 1917/40 | 180942 | 1722140 | 145441 | 1210:38 | BSNAS | 88151
Mobile 07 B2W/40 | 1009/45 | 1400/41 | 1721/39 | 1071730 | 186741 | 1714/45 | 1640/44 | 1440/44 | 1208/38 | 95544 | 750740
Montgomery »s P51/51 | 1013/47 | 1330744 | 1728/39 | 1696/30 | 1971/38 | 103041 | 1744140 | 146742 | 1261/38 | 915044 | T10/49
ALASKA
. Anneita S00° | 23280 | 424/53 070:42 | 134241 | 181148 | 101540 | 1615471 1257160 | 95147 | 45068 | 21782 | 15188
Bethel [ J M 13841 413733 104010 | 164022 | 1602/40 | 165548 | 1304/88 | 93600 | T734/83 | 431/48 10048 85/44
Farbanks “use 7023 | 20098 85020 | 1419720 | 1756/38 | 194330 | 1637048 | 133841 | eDAE1 | 31748 | 10038 | 2232
Matanuske ne 11042 | 33942, 80228 . 131237 ' 1807/42 | 170348 | 150840 | 115850 | 730/83 ' BWE1 | 140/51 55/55
ARIZONA
Page 3B8° 110810 | 140810 193913 I 227810 . 256210 | 2606/10 | 2507/20 | 2197123 | 190221 « 1482721 | 114320 | 896/27
Phoenix - 33.4° 1102011 | 10427] 1813122 | 235318 | 267413 | 273814 248521 | 2291 | 2014720 | 157521 1150427 | 0332
Ptascott 3480 . ] 101529 | 1334271 177023 | 227418 | 262815 | 2781114 | 230827 | 2000720 | 193821 | 1542/21 | 113924 | 920/%0
Tucson 21 1000720 | 1431725 | 108322 2082101 267013 | 272014 | 2340028 | 2101728 | 197022 | 1601722 | 1207728 | 998/31
Wwinsiow 8.0° 904/30 | 1326/27 | 177922 2282110 | 2500110 | 270018 | 2345/28 | 2130028 | 1927721 | 181222 ] 111028 894721
Yuma 307° | 109520 | 144224 | 101010 | 2411714 | 372612 | 201212 | 2481722 | 2327120 | 205019 | 162220 | 1214724 wWy2e
ARKANSAS . *
Fort Smith 33° | 74347 | 90was | 131142 [181841 | 1011/30, | 208834 | 20434 | 107034 | 150439 | 120038 | 851742 | eazer
Littia Rotk Mu7re 73140 | 100248  1312/42 | 1610/42 | 1920:38 | 210534 | 2031/38 | 1860/38 | 1517/38 | 122037 | B47/44 07 VA8
CALIFORNIA
Arcata $9190° 52083 | 79348 | 113248 | 1506/40 | 1841/40 | 1900/30 | 1807/42 | 157044 | 1341/41 | Q3848 500/81 | 40084
Bakarstiaid M4 T64/48 | 11017381 150430 | 2003/24 | 250810 | 274814 | 2681114 | 2419110 | 1991/10 | 1487724 841737 | 077147
Daggett nue 95732 | 127029 | 1772123 1227310 | 250010 | 2784/14 | 260210 | 238110 | 2007118 | 151522 | 108428 | 07533
Oavis uns SEVEY | 94442 148231 | 1047/28 | 23423 | 258821 | 254410 | 2252121 | 1830/22 | 120028 | TEW/ED 548/81
€l Toro 07 947736 | 123533 | 160031 | 1920/31 | 2068/33 | 219731 | 2362/29 | 2154/28 | 1734730 | 1354/32 | 102034 0837
Fresno »8° AVl | 99042 | 152031 | 1985728 | 2308728 | 252021 2524/20 | 2274121 | 1071722 | 138520 | 84183 | 54088 “
Inyokern 30.0° 115010 | 154513 21318 | 25848 | 2903/ | 30824 | 20908 | 272118 T 2000/2 | 17648 | 13408 | 1087/14
Long Beach p ¥ 3 927737 | 121434 | 1800031 | 1930/30 | 2083/39 | 2130/23 | 2200/27 | 2008728 | 1090/31 | 132933 | 100/38 840/%¢
Los Angelas 1 9257 (121334 ) 1610/30 | 1950730 | 203833 | 211033 | 2308/27 | 207028 | 1680132 | 1314/33 100336 | s40/37
Mt Shaata 4$03° S00/40 | 0857/44 | 125040 | 1756733 | 2188/20 | 243324 | 257010 | 221221 | 173424 [ 1154731 | eS0ve8 508/40
Neodies M 964/30 | 1353726 | 182420 | 231810 | 265014 | 279013 | 254010 | 227821 | 2013110 1537721 | 1120028 ° 01730
Oaxland rr 70748 | 1017/40 | 1450/33 | 1921729 | 2210020 | 234827 2321727 | 2052128 | 1700729 | 1211733 | 822148 | S40/48
Pasadens M 02536 | 122803 | 1018729 | 107032 | 2007/32 | 213033 | 2337/26 | 220020 | 1777128 | 1349431 | 0034 | 07O/
Point Mugu E S 92038 | 122033 | 163420 | 1950730 | 201034 | 205336 | 2117732 | 1934/33 [ 1807738 | 1295734 | 1008734 | eS0/37
Riverside 09° ] 101430 | 135327 | 1762124 | 199420 | 2297728 | 2507722 | 2481721 | 227921 | 197221 | 150024 | 117824 | ogs/aT
Sacramento By SOMEY | S3Wa4 | 1457/33 1 2002726 | 2433721 | 268210 -2687/14 | 2287110 | 1908/10 | 131427 | 789/4% | 530483
San Diego 27 97508 | 126633 | 1831731 | 1035731 | 2001736 | 2001136 | 2185730 | 2056720 | 171032 | 137332 | 108233 | S0V
San Francisco 15 3 707/48 [ 1008/40 | 1454733 | 1910/29 | 2224728 | 237827 | 2390724 | 2118728 | 1741727 | 1225/33 | 821/60 | @42148
San Jose §7.3° ] S840 | 98042 | 130141 | 1787734 | 211531 | 2207/31 | 2247/20 | 197931 | 1001729 | 114038 Qe
Santa Maria Mo 1180737 | 1581732 | 1920/32 | 213032 | 2347/27 | 2340v26° | 210927 | 1720030 | 135¥30 | 97V36 | 80
Sunnyvala 374° 737144 | 100039 | 1 194329 | 2275727 | 2451724 | 2440722 | 216528 [ 175027 | 124832 | 84V | ee0us
COLORADO N
Boulder ©00° 74137 | 98838 | 1470:30 | 1000737 | 1096/48 1193540 | 1917/ [ 101082 | 151934 | 114334 | 1038 | 071137
Colo Springs ns 890728 | 1177/28 | 1549/28° | 1000/27 1 2127131 | 2387727 | 2210/30 | 2024/29 | 1758726 | 1358/24 | 04420 | 781730
Denve? »n7° 840733 | 1127730 | 1530720 | 107929 | 2134/30 | 2350v27 | 227287 | 2044728 | 1720/28 | 1300/28 | 68320 |- 731733 -
Eagla e 754/37 | 1077132 | 150030 | 1931728 | 2254727 | 2507/22 | 2385/24 | 2083727 | 1784724 | 1207728 | Be32 [ aied
Grand Junction »1° 791734 | 111031 | 155220 | 198527 | 237022 !507/10 240422 | 218023 10022 | 134424 | 01030 | 731733
Grand Laka 0.3 782132 | 1154727 | 155028 | 100/28 | 2005733 | 2330v28 | 221228 | 198230 | 175524 | 1331723 | 06V 078/%
Plebic 3 89429 | 1171730 | 1580728 | 1955728 | 2W6030 | 243324 | 2310027 | 2101727 | 177024 | 1360/24 | 95320 | 782731
CONNECTICUT
Hartford 419 ATT88 | 71483 9TBSY [ 1314/80 [ 1567/48 (108548 | 1040/47 | 142048 | 115440 | 85248 | 40788 | 38480
DELAWARE R
Wilmingion »nr STUS1 | 827/48 | 114040 | 147948 | 17045 | 138241 | 182242 | 10142 | 1317144 | seaas | 84480 | asems
washington ns S7T1/54 | 81550 | 1124/48 | 1458/48 | 1717:44 | 1899/41 |1017/42 [1817/44 13«144 100344 | 051780 | 48187
FLORIDA
Apsiachicola 2r 852148 | 1125/48 | 147340 | 107734 | 200032 | 1907737 [ 1012/42 |1886/42 | 153040 | 137036 | 103040 | 017:47
" Daytona Beach a2 958/42 | 12140 | 1547/37 [ 1881/34 | 1966738 | 182542 | 178342 | 188142 | 1477/64 | 125042 | 103841 | 970/48
Gainesviils 28° 102538 | 135333 | 1640733 | 1967/30 | 2160430 | 200637 [ 1917/38 | 187V | 163737 | 1357737 | 117232 | 93640
Jacksonviile 04 SOWAS | 116241 | 1521/37 | 1054/34 | 195537 [1084/81 | 1001/42 [ 10042 | 1441/84 | 1222142 | 988/a1 | 01748
Miam: 8" | 1067/42 | 1313730 | 1603737 (185028 | 1642/40 | 1707/48 | 1762744 | 182048 | 145048 | 1301742 | 1117/41 [ 10141
Ortando ne OPVa1 | 1242/40 | 1501138 | 1897733 | 1967/26 [ 183042 | 1000v42 [ 107244 | 149842 | 12040 | 1005790 | 9242
Pensscola 08 02244 | 1183/40 | 1493738 [1070/33 | 2072733 |2004/34 | 1070/37 [ 107038 | 1505/38 | 145231 | 1025/40 | 820448
Tallahaasee %4° 076/48 | 1130/42 | 1470700 | 1820/38 | 1935738 | 188241 (1747/44 | 107442 | 1492/42 | 1317138 | 1007141 | 01347
Tampa 2B8° 1101041 | 125040 | 15938 [ 1907/33 | 1997738 | 1B47/41 [ 1751/44 | 185244 | 140144 | 134590 | 11073 | 038/a2
GEORGIA »
Atlanta s, TI781 | 90048 | 1302144 (190530 | 105340 {1911/40 [1011/42 | 1707/41 | 1421742 | 1190/40 | B84 lm
Augusta 04 750149 | 101448 | 133042 (172038 | 106440 | 19040 | 130342 | 1886/42 | 140044 | 121900 | 01041 | 7
Gnttin 82 077/41 | 111340 | 1430730 | 191331 | 2127731 | 2134433 | 2081734 | 192033 | 1011726 | 137231 | 108232 | 7744
Macon nr TONAR | 101048 | 1362142 | 1734/38 | 1864730 | 1918:40 | 1784/44 | 1710/41 | 1430/42 | 124890 | 03941 | 72040
Savannan »nt 007/41 | 1150/40 | 140030 | 1900/32 | 20733 | 204238 | 1070/37 | 1847737 | 140041 | 1283738 | 07740 | TOWI4S
HA N - .
Hilo . T0T° § 1120/409 124040 | 134840 | 1434/40 | 155340 | 165040 | 1824/45 | 150248 | 1548/40 | 137240 [ 1104/40 [ 101048
Honolutu 21.3° | 110040 | 1200738 182176 | 1700/38 | 1949730 | 2004/30 | 2002/30 | 1906/30 | 101030 | 154030 | 170036 | 1132738
IDANO < [ ]
Boise 8% J 4081 | BIA1| 130234 | 182530 | 227528 | 2481728 [-2611110 | 219821 [ 170021 | 1137729 | e2maa | a3
Pocatelio L 7T ) 53048 | 00138 | 137072 | 101%30 | 227was | 247023 | 20010 | 225020 | 178021 | 1202728 | soerse ~470M48
Twin Faiis .l" 001/48 | 08544 | 1309738 1.70:“( 2035733 [ 218332 | 221020 | 1991720 | 1593/31 | 106430 | 04048 | 48VS4
LINOWS
Chicego @0° | 50083 [ 75048 | 110648 | 145048 | 1TENA1 | 200038 | 194230 | 17188 | 135360 | sewar | sese1 | <0288
Lemont 4170 §030:2 | 85644] 120241 | 143048 |, 183240 | 2030727 | 194330 | 1792138 | 141038 | 077141 57081 | 4BV80
a .«
1 Source Data Fom Kien Beckman ang Dutt e Momn‘, Average Soiar Rada'on on |ncnn‘eu Surtaces £ Report #42 2 Unwetsity of Wisconsin Revised 1978 .
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. ASSIGNMENT SHEET #1 .
» - 5‘ N ~ ™ ’ - #
‘. /'rﬁ
.. INSOLATION AND PERCENTQ}FFUSE TABLES, CONTINUED
. BTU per sq. ft. per day /% DIFFUSE
/ !
. A _._.T-
ity |t Jon 1 (Y Mer T Ny Jure July g Sept. Oohk. N, P‘.l"a‘ s
L] - Ky
——— - - *——-—4— — -
. R .
Moiing : DN 51481 B1247 1117481 145645 175242 1968/30 133738 1714/30 | 1356/40 | 09560 | 5S040 | 43268
Ponna 07 60T AT BAGGS! 1187/44 155041 167639 21134 207533 1851/34 | 150034 | 110038 | 68248 | 512160
Springtietd »a SA5/50  BO0/ME 113148 151444 186430  2006/34 2037/34 , 1804/38 . 14538 | 1067730 | G7WAT | 400/S4
INDIANA : ! i ! -
Evansviie © 0 30° § S7M5S 82250 115047 15008’ 178142 198138 19130 173428 | 140341 108740 | 68250 | 40N
Fort Wayne “o° 5558 007/56 98153 136049, 167048 184042, 178444 159344 | 127248 | Q2048 | 51088 | 36
~CAnApOLs 307° | 4958 T4rS4’ 1036/51 179748 168748  188M/42, 180547 1642411 13244 977145 | 57988 | 4172
S th Rana e 41642, 660/58,  J9US1 138747 172144 \93\/00‘ 185141 1665/40; 1200/44| 90048 | 40768 | 34088 |,
IOWA . ‘ N : , -
A 420° | 64240 93308 120541 14stvad 177042 199438 . 197637  1606/38 | 1353/40, 1010:36 | G841 | 52748 |
LU M e 418° 4 sa0d47 56044 118042 155041 186639 212334 2096/33 1A2834 1433371 106737, 85346 | 48750
Masor €ty 4a31° SHM48 83642 | 116741] 151741 109438 2112734 | 208333 | 1832733 | 1404/37 | 1010/37 | 600MT | 44381 ,
Sovge Dty ' oAa24c SoB.47 84t uj nnemzf 1577:40 | 1900138 mzml 2‘20/32‘\ taw:u‘ 142087 | 103737 | 64248 | 48940
KANSAS | | ! ! i
f Doage Gty ‘ re- Q638 1121133 1470321 188431 2089732 2156727 2294727 | 206420 | 168528 | 1300720 | BSIYM | 7338
Manhattan T2 o841 97340 127241 ‘SWAOI 194337 2031737 1 1957/38 . 1939/31 | 1512738 | 1077730 | 837/M | 5748
Topaa 2k 08145 94042  1290/41; 164008 | 1914/38 212534 | 2127732 | 190W32 | 1915360 | 114030 | 77141 | 38M4T
Wichita Ve 78340 105840 NOMI’ !782/30{ 203536 2@‘@ 22328 - 2027 i 1616730 | 124030 | 67038 | 690/40
xENTuCKY . | ! b . ! )
. Cowingtan . » 17249 51288 103481 140045 187300 | 214233 247021 ‘f 201029 | 1471737 | S64/81 | 51680 | 2007
Lexington SU1 O30T F SASST. 770841 100048 147WAS. 1746/44 | 100MA1 | T4/ 168541 | 1201742 | 10442 | GST1 | 485/84
Louisvilie 3020 | ST TUA, 110248] 140848, 1TTAA 190241 ) 1RIBAT | 167041 | 1002 | 104242 | 65281 | 4smieT
. LOUISIANA ' ) ' i ! ‘ N
8410 Rouge a0se | oass1’ 105347 132m44l 10801 | 187030 192590 | 17ewas 167MA2 | Taeda2 | 130138 | s1oves | 7e
Lane Charles 302° T20/55 100048, 131348 156045  1648/40 1900/38 176742 1650/84 | 1484/42, 130034 | 91047 | 705/84
New Orlsans © 300° 8, t11148] 1410/42] 1770381 1960/737 200237, 181242 ' 171541 | 151341 133437 | 97244 | 77048 L
Shrevipon C 324 $33/48 , 1020/48 \mu" 1721730 202034 © 2006737 2072133 1917134 \530/¥: 13i538 ! 090/48 | 730M48
MAINE , ' ! ! . o ! :
Canbou a8 42580 72&“’ 1132739 1407144 ' 158548 1740048 ! 174044 . 1486/45 | 1003/48 68253 |, as2 } wer ,
Portiang Qs 5088 . 082183, SeWH1 1303ul| 1547/48 1710147 165&47} 1460/47 | 11574T | 822/48  ASUSS ! k)
MARYLAND ' ' . - |
N Annapols ;300 | s4sar  B9BAE 125441 154542, 1TP41 2053737 1 1000/37 | 172090 | 1411/60 | 10843 | 897/47 | ST1/48
Baitimore . w2 Se/S51 83048 1181/48 MCYM&; 11345 . 18TIAY | 1822/43 | 1500/84 | 1300/44 | O07/44 | S804 | ABU/SH
Stiver Hilt | 388° ] 67u48 90048 125342; 161540, 1001/38 204837 100230" 1692140 | 148338 | 1087130 | 74544 | 800/8
MASSACHUSETTS | . i | ! . | . .
. Amnerst . Q2 2880 652;“; 110048 ' 1279/81 ; 150048  1805/41 19029 1622/41 : 1217148 | 2244 | S04/81 | 45783
. Blue Hill ¥ i 57548  TOYAT * 112148, 130747 | 173044 190841 184341 16001‘01 120040 | 91W48 | S8B0 | 47050
Boston 424° 47688 70083 101580, |325M.| 181047  1818/44 174048 | 1400/47 | 1250/44 |  BON4S | S0MET | 40QIST
Lynn 425° 43589 7T0/48 1 110848 1 125348 | 167448 | 180, \Oamrl 1550/44 | 1250/44 | 85248 | 40OVBT | 20090
Natiix 3 SBUMT ' 85542 ' 120241) 144148 134339 | 150884 1891440 | 1684530 | 1327/41 | Q90241 | SAUE4 | 49448
MICHIGAN ¢ : : ' f !
Deteont 4220 | 41780 68084 0WST, u\mri 171008 - 108542 | 1830001 [ 157444 | 125248 | B7SIAT | 4THSE | 342%4
East Lansing LAt 44887 . TT447 | 113044 132 4.] 170041 20\0)!‘ 1901737 ' 1710438 | 1375738 Q442 | 50168 | 3MUET
Fint 430° 8183 63686 05053 133048 1657/40 181244 | 1795742 ; 1554/44 119548 | 82048 | 42042 | 20006 .
- Grand Rapigs 428 6984 64888 101448 | 141148 | 1754/42 ' 1055/38 | 191330+ 1675/40 ' 1261/44 | B5047 | 44040 | 31188
Lansing 4248 OS] 70548 113544 132048 ' Y3V 7 2006/% | 177338 | 1390738 95141 | S1MBE | 41384 >
Saui* Sta Mane 465 | 32983 60WSA 102048 138248 1687/44 | 11044 | 183441 152244 | 104080 | OTWse | 33188 | 25388
Traverse City “re 31187 ' S67/58  1000/48 NO‘I“i 172844 19\11601 19089 . 180041 L 116548 | 75481 | 377184 | 25000
MINNESOTA ' ° | 5
Dututh a8 384/55 . 67347 103445 137248 ' 183148 176845 185140 | 1540/42 E‘:mu 72550 | 380780 | 20140 .
internal ; Falis a8 156/54  662/48 104841 1442141 171542 ' 185242 192030 16109 | 112146 | TOA4S | 34580 | 271/88 N
Monn St Pa, “9 46450 /6145 110244 144044 ' 1736/42 192740 196937 | 1686/38 125442 | BSO/M44 | 480184 | 35187 -
Rochester as 47681 752147 T 1081:48 140048 1 160448  1900/41 | 190730 1661140 | 1250/44 | B6WAS | 40485 | 370468
St Cioud 080 [ 627317 925311 134029 | 155008 | 183030 1994/38 « 204434 | 180133 1 1327738 | 88441 | SIMAT | 45344 . r
1SSISSIPPY o v )
p'J-chww ; 323° 1 75081 102048 T 136042 | 1707738 | 194037 | 2023187 Vroorse | 1TH0/0 | 1508/40 | 1271138 | 90148 | 708/44_ Ve
Merichian ‘323 7 101247 21327144 | \um\,} 185040 1961738, 182241 | 1730/40 i 1453/44 | 1257739 | B00/46 | 00081 - !
WSSOUR ! ' ' !
Columbia ' o0 81 A7 | 117048 | 152544 | 187099 2088738 | 211492 ! 1874723 | 14438 | 110038 | 70347 | 522183
Kansas City W3 | e 48 | 120244 | 157041 [ 1871730 ° 207038 | 210433 | 186234 | 1451/38 | 1002738 | 73744 | 58149
St Lou's S 627/48 540 | 1204/48 ' 158342 8TOVO ' 2000/38  2048/34 | 1810°38 , 145830 | 109000 | 71448 | 53083
Springtiaig + 3712 68348 ' 92548 123948 | 16004J ' 1881/30  2074/38 | 2061/34 1872/34 | unml 114938 | 77548 | G024 L
MONTANA . p ' ,
8iiings 4648 400/48 « 70342 11BUD8 | 152540 | 191237 2"72132 2382723 2021128 . 140931 | 906133 | 56144 | 42147 e
Oiton . 482° 52644 . M4307 127933 183808 106034 2142733 2391/23 2022726 ' 1520120 | 102232 | 60141 | 450/46
Giasgow 482° 387750 871746 110439 | 148740 | 1028130 1 204887 219220 186730 1334 | 677137 | 4TWAS | 33V60 -
Great Fans {478 42048 71042, 1167 1497:40 | 1847738 1 2100:34 2327725 1932728 | 1377733 | 82434 | 49048 | 33543
Heiona o8 QUB1 1 TOMAS | 114539 140641 | 185038 | 203437 ! 2333728 192920 | 141233 | 9257 | 52148 | Mk
Low:ston 4ar0° 42050 | woxes | 1120/39 | 144342 | 1000/60 | 2038/38 | 220627 190030 | 1371734 | 904737 | 50247 | 36V50
MissCity | egac | as7ar | rena2 [ 118437 | 154130 1 1BBAIT | 214433 | 220627 | 197027 [ 14431 | 96004 | 55044 | IeMa7 . /-
Missouts . i 89 | 31283 S74%6 ' 98147 | 538245 (178141 | 103240 | 2320728 | 1880/30 | 1357/38 | B12A4 | 4OWST | 2874
Summit | 483° asoe2 | serse . 9e8/4s | 152638 , 170344 1017/44 | 208533 i TB80/30 | 130538 | 79842 | 37087 | 20088 - -
NEBRASKA ‘ (
Grand 'siand | a10° 64041 | 91740 126438 1692137 | 1971138 : 2241130 322um | 193831 | 1508/34 | 1137733 | T3N0 | 50044
Lincoin . 408° 0038 94030 | 177000 | 156141 | 1820/40 | 200030 ' 19737 | 1873733 | 181 19830 | 7838 | 63438
Nofth Omanhs } 414° 63342 80141 | 122141 . 155041 | 1671739 | 2124734 © 210533 ,‘85"33 1372 1049/38 | 64447 | 51140 f
| North Platte car1e | oeoae | 05a384 133238 | 172334 | 1987734 ;mm , 227528 | 198824 | 156431 | 117630, | TSW38 | 60540
' Scotts Biutt L. 67538 i 950/37  1J0N37 | 188737 i 1932137 j 223931 ;22!2!2. Pioeerze | 150829 | 1148 i nRy» i 37541
' NEVADA ! i
| Emo 03 | faw3e 103433 | 146230 | 189828 | 230224 | 25322 | 26218 lszn Lragr1e | 32222 | mizde | ereo
I Ely | 383 | 81932 Inmno 160528 200&25‘{2mm 251022 244522 . 222921 1 193419 , 1407721 | 925729 | T2
- j GI— L - — ,_,L,____L- .l — —— A
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ASSIGNMENT SHEET #1

Mo

v

BTU per ft. per day /% DlFFU\SE

INSOLATION AND PERCENT DIFFUSE TABLES, CONTINUED

RS-143

Cny (Y % don Feb Mar Apr | . Mey June Sy g Sonn. Ost 7 Nev Des.
3 hd ~
Lu"n W1t [ 077728 133023 | 1822110 | 231810 | 284414 | 277013 | 2387118 | 238310 | 2038110 | 153818 | 108528 | ssava0
Lovelock 017 1 00331 | 110527 | 185822 | 218410 | 255310 | 274718 | 2782112 | 248212 | 202612 | 1480118 92927 | 71432
Reno 8° |- 00073 1 114020 | 184023 | 215020 | 252110 | 2700118 | 2690114 | 2404/15 | 1996/14 | 1430118 | 911/30 | 70534
Tonopah Wi 01028 | 127323 | T770M0 | 225010 | 257018 | 270813 | 270114 | 2437114 | 204114 | 152018 | 103024 | m28r28
Winnemucca 08° | 80018 | 102733 | 147130 | 1908728 | 2360123 | 2568/20 [ 2676/14 | 2347110 | 1908118 | 1321722 | SOWM4 81839
NEW HAMPSHIRE
mcuwm “s 45088 { sonds | 97381 | 1310048 158148 | 170447 | 187347 | 145547 | 1139/48 | 818/48 | 48258 | 362/80
Atiantic City ¥ 30.4° | 03240 | 04041 | 1410733 | 1563/40 | 1017141 | 2112/34 | 209433 | 1758/38 | 144538 | 116337 | 77840 | sasies
Lakehurst 40.0° SSMVE | TRRMY | 110048 | 145540 ﬂenlu 177348 | 170240 | 1531/48 | 1260/48 | 955/48 | 621/51 | 475/58
Newark “wr S51/81 | 70040 | 1108/47 | 1440/40 | 1688/48 | 1794/46 | 1750/44 | 1584/48 12721;2 95045 | 508/51 | 454/88
Trenton @3° | QWes| 900142 | 120440 | 156741 | 181041 | 201338 | 199137 | 172089 | 1434 108438 | 71/42 | 57148
NEW MEXICO ‘ ' \ .
38.0° | 101028 | 1341728 | 176023 | 2227120 | 2637118 zennu 487721 | 2280721 | 1971/20') 1545720 | 113324 | 1927120 '
o Farmingion W70 § 420 | 120026 | 100224 | 2132122 | 265021 | 200410 2477121 | 225121 | 193320 \1a7821 | 104827 | 83731
Roswell $04° | 1040730 | 1372727 | 100823 | 221021 | 245021 | 260810 | 243922 | 2240023 | 1912728 | Y826/28 | 11318 | 95189
"z:uvm W1° | 0| 120028 | 100027 | 2105/22 | 2472720 § 200018 | 228328 | 2077720 | 189323 | \a9&23 | 1087128 | se3ray
Albany @} soss 7‘0 110448 | 1453/42 | 176042 | 1950730 | 195737 | 100038 | 13184% | 91048 | S25/84 | 90rs?
Singhamton @2 04 gm: 800/88 | 1241783 | 1433/81 | 160040 | 165047 | 1424/40 | 113140 | 77083 | 41485 | 297188
Butisio “we | e SO0/86 | 1314/40 | 150048 | 1800/44 | 1776/44 | 151248 | 1151/48 | 784/81 | 40384 | 284/00
Rhaca G04° | o087 | 74848 | 104040  1283/81 | 172044 | 1967/38 | 197237 | 100030 | 131241 | Q1445 | 48180 | 38582
Massens A40° | 43184 | 602140 | 1006/44 | 1500/81 | 1000/40 | 2006/38 | 196737 | 1687738 | 1267/41 | 83048 | 44wE? | 33080
New York: 608 | 50088 | 72084 | 1030/80 | 1363/40 | 1636/47 | 170047 | 1600/48 | 148247 | 121347 | se5ias | 53887 | 40380
. Rochester 4010 | 04881 50042 | S038S4 133040 | 160547 | 101044 | 1780/ | 151040 | 115048 | 70181 | 40ves | 28178
Scherectedy M K TA1/A40 | 1010/80 | 125781 | 1520/80 | 1055/49 | 183748 | 1471/47 | 110650 | $07/50 | 470/88 | 38388
Syracuse K M 57180 | 600/88 | 1323/48-| 157748 | 177746 | 1757144 | 150248 | 1185148 | 777/81 | 3om/es 285/68
NORTH CAROLINA Bt d L
Asheville N 721/48 (  070/48 | 1305/42 | 1680/40 | 180341 | 105442 | 177544 [ 1626144 | 136045 | 114840 | sana2 | 85748
Cape Hatterss - %I 00RS1 | 95247 | 132544 | 177338 | 1980737 7 | 1910738 1170541 | 1470/40 | 1136141 | 87341 | 05048
Chartotte E ¥ 1040 | 07048 | 1314/42 | 1004/30 | 1854/40 | 1920/40 | 1830/41 | 1894141 | 141542 | 117339 | ses42 | 972180
Cherry Point 39°. 1 75047 | 102044 | 130090 | 1700/38 | 192388 | 199730 | 182841 | 1823/ | 143342 | 1100 008/40 | 71048
010 | 71547 | 96045 | 131241, [ 1682/30 | 1667730 | 1952/30 | 1802140 | 1098/41 | 1417/41 | 114040 | 83842 | 85W47
Raldigh F T QOVAS | 04247 | 127544 1 104340 | 1807/41 | 1083442 [ 1774/44 | 1010144 | 1370044 | 1104142 | 81248 | 63548
hm.:-‘t;uan;un S.O: T93M42 | 104341 | 13700 | 1700¢36 | 190338 | 1076/39 | 203038 | 1773/38 | 148340 | 110530 | 88539 | 71842
NOATH A
3 408° | 46748 | 77530 | 118090 | 145842 | 1847138 | 205038 | 2182130 | 1076/31 | 135338 | 90738 | SO747 | 37248
Fargo PARD° | 41481 | 70848 | 10071 | 147541 | 183730 | 190/38 | 211932 | 1834/32 | 130338 | 07430 | 45781 | 337/54
o.sg\u , “®2° 1] 65540 | 104342 | 140041 | 1845798 | 107330 | 200732 | 179032 | 127038 | sasr2e 43080 | 310/84
Akron 09° | 42882 ssnse 1360/40 | 108748 | 1030/44 | 170044 | 150544 | 127148 | 907/47 /soslu 35388
Cleveland 414° 1 20008 gn‘ulo [} 134940 | 1000/45 | 1842742 | 1826/41 | 158144 | 1230148 | pogias | 40882 | 1068
Columbus A0° I 0| dres? | 0 1382/40 | 184048 | 1811/44 | 1754145 | 1840042 1%« 94048 | 537/57 | 387184
Dayten . ne 40083 | 725/88 | 102581 | 140240 | 100048 | 1072142 [ 100942 | 104441 | 1TITiea | Osdias | Sewss | 0702
Putin-Bay 418 | 44288 | 734/81 | 1077/48 | 1300/48 | 1821140 | 1 209033 | 190232 | 1471734 | 1087/34 | s79/51 | «Dwe
Teledo 418 § 43500 | GBO/SE | 90M81 | 138348 | 171544 | 107741 [ 184841 | 101542 | 127544 | 91048 | 19wss | 35884
o:own 413° | 20508 | 30082 | 88087 |B27061 | 158548 | 175048 [ 173348 | 1500/48 | 119348 | 851148 | 456/8) 31568
LA
Okiahoma City B4 42 | 1054/41 | 130038 | 1724/38 | 1917/38 | 214238 | 2127732 | 194932 | 155397 | 1232738 1139 | 725/44
illwater EL AN GUA4 | 1054/40 | 1430/37 | 1681739 3851140 | 2184/32 | 2108/30 | 1998/20 | 1877/31 | 126831 7134 | 75240
Tulsa - 02 731148 | 077:48 | 130542 | 1002141 1821141 1937 | 202038 | 1064134 | 1471730 | 116338 | 027142 | 850/47
OREZGON R 2
Astorie 402° | 1484 | S45/80 | BOMS4 | 1252780 | 1607/47 | 162540 | 174544 | 149845 | 118345 | 71251 | 38780 | 281es
Sums 4348° | 49081 | 792145 | 1100140 | 144037 | 2051732 | 227029 | 2450021 | 200224 | 161927 | 1042134 | 59348 | 43151
Cervailis A8° ] 50048 [ 730/47 | 1027087 | 1297/40 | 1671/48 | 1836/44 | 1770/44 | 183340 | 1210440 | 980/38 | SBNAS | 43248
ARAC | 40782 | 737180 | 113248 [ 163038 | 2032133 | 227629 | 247321 | 212024 | 158028 | 98Y/40 | 504/56 | 3de/es
NorthBend - €4 | 4087 [ 70480 | 105047 | 150042 usﬁ 1903738 | 2106/32 | 178538 | 1376/38 | 69244 | 524/53 | 380iS8
Pendieton 407° | 34082 | 010/84 | 104346 | 150141 | 192437 | 214383 | 230423 | 199327 | 150130 | 90839 | 43888 | 20283
Portisnd 400° | 21088 [ 554%88 | 3984 | 130740 | 1662148 | 177248 | 203034 | 187239 | 129844 | 72351 | 387/82 | 260/87
4A3° § 40040 | 77445 | 1190030 | 1682134 | 2070/31 | 2200729 | 2444122 | 206824 | 15828 | 999/38 | 57147 | 424180
Salem 449° | 33288 | 58787 | 047781 | 130047 | 179842 | 1847/42 | 214131 | 1773/38 | 132839 | 780/80 | 41000 | 277/68
PENNSYLYANIA .
Allentown 48° | 52784 | TAME1 | 1070/4D | 140MAT | 1836/47 | 1776/48 | 1784/44 | 154548 | 1237148 | 925748 568/54 | 430/58
Avocs 413° § 45450 | SOMSS | 90183 | 133040 | 150048 | 175048 | 174448 | 151248 [ 119847 | 896/47 | 49058 | 38883
Ere * @1 | adee | 57782 | evss 164548 | 1040/42 | 183241 | 145440 | 1200/47 | 82750 | 41605 | 2771
Harrisburg ©2 77081 | 1062149 | 1410/47 | 1851/46 | 1803/44 | 1782144 | 155048 | 126545 | 9148 | 57954 | 447/57
0. % 704/80 | 110848 | 143747 | 165048 | 1810/44 | 1757/44 | 1574145 | 1280146 | 9%W4S | 61951 | 470156
Pittsburgh L1 42 62500 942183 |1 1601/48 | 1761/46 | 168948 | 1510/48 | 120048 | 69548 | S04/50 | 346/08
State Cotiege 0a° 51208 | 74381 | 108548 | 137540 [ 1721/44 | 2006/38 | 194730 | 1674/40 | 1331/42 | 1014/40 | 571164 | 44257
AHODE ISLAND ’ ' R «
Newport 418° | 871487 05244 | 121741 | 1450/45 | 180341 | 198330 | 101739 | 165541 | 140138 | 100648 | 64548 | 52048
Providence 4at.7° 73081 | 1031750 | 7340 17Y654/48 | 1774/45 | 1694/48 | 149847 | 120847 | w0648 | 537188 | a1as?
SOUTH CAROLINA .
m MO° | 74480 | 99547 [ 133044%T 173106 | 105040 | 1843142 | 179042 | 158448 | 139348 | 1192141 33,41 | 720:48
00° | 78148 | 102048 | ¢354/41 | 174537 | 1093/30 | 194039 | 184041 | 170141 | 143842 | 121130 | 92040 | 72147
Qemvie.-Sptnirg 348 | 72me0 | 901/4p [ 132041 | 1697139 | ¢ 191839 | 1830/40 | 1609:40 | 140542 | 118034 | 880:40 | 670/40
SOUTH DAKOTA L’
Huren “aAs | v | 744 Lﬁnw 1520/40 | 107038 | 210034 | 218120 [ 1691/31 | 1417/34 | 988/37 | 57748 | 40553
Plorre 440 ] S2wes | Te442 | 1209738 [ 181338 | 196538 | 219332 | 2277727 | 1991720 | 149531 | 1051732 | 62341 | 44248
. B J—
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" ASSIGNMENT SHEET #1 - \
B t
INSOLATION AND PERCENT DIFFUSE TABLES,; ‘CONTINUED
. o
BTU per ft. per day/% DIFFUSE -
Ciy > Lat Jan | _Feo Mar Aoc | May | sune | wuy | Avg | Sept | Oct Nov | Dec
\ 8 -
g ] >
' Rapid City 41" 542/45 | 826/41 [ 122838 | 1588/38 | 188538 | 2130/33 | 2222129 | 1961728 | 1517/31 | 106332 | 848/40 | “478/48
|+ Sioux Falls 98 53247 | B01/44 | 1152142 | 1542040 | 1892/38 | 2098/34 | 214931 | 1843/33 | 1409/38 | 1005/37 | 607/48 uyso
« TENNESSEE f
. Cnattanooga 38.0° ¥ 630553 | 858/53 1178/48 | 1540/44 | 1730/44 | 1830142 ¢ 1734/45 | 1629/44 | 133548 | 1108/42 | 77248 | 500/88
! Memphis 350 1682151 | “344/48 | 1277/44 | 1638/43 | 1884138 | 204337 | 1971/37 | 182337 | 1470/40 | 1204/38 | 51848 | 82061
Nashvile 30° | 60188 | 88250 | 1188i58 | 1638ad | 19 148 | 2081743 | 2033143 | 184544 | 1561/44 | 1190/46 | OWST | €05/80
1 Oak Ridge B0 B12/55 | B77/50 | 1202/47 | 1648:40 | 1898/387| 2009/38 | 192138 | 175530 | 153737 | 1176/38 | 778/47 | 59383
. TEXAS i .
i Abilene J24° QY40 | 1182138 | 1575/33 | 1842134 | 2036/34 | 2208/317 2138/32 | 195532 | 1596737 [ 1313738 | 1007738 | 863139
Amanito B2 960/31 | 1242131 | 1630/29 | 2017/27 221029 | 239228 | 227928 | 210227 | \Js928 |*1403/28 | 103231 | 8T1132
Big Spring 22 G836 | 1268/33 | 1718/28 | 2126/23 | 2109/32 | 218&/31 | 203534 | 1725/41 | 1920/23 | 1423730 | 1073/33 | 95432
‘ Brownsville 29 912/50 | 1135/47 | 1456/42 | 1736/40 | 1926/38 | 2114/32 | 2211729 | 202631 | 189237 | 1430437 | 1054/48 | S8280
.: Corpus Chnist 278° B897/48 | 1146/45 | 21437/ 1641421 1865/39 | 2002/33 | 2184/30 | 1909/32 | 1006/38 | 141538 | 1072/42 | 844148
i Dallas 2’ 821/48 | 1071/44 | 1421/ 1826/42 | 1887/38 | 2134/33 [ 2120/32 | 194933 150637 [ 1275/37 | 93041 | 77048
i El Paso e 1124728 | 1479/23 | 1908/20 | 236218 2599/19 | 2000419 | 2449722 | 2200722  1906/22 | 163821 | 1243724 | 1020729
| Fort Wortn s’ lg? @wu 1401/40 | 1810/42 | 188230 | 214533 | 2148/31 | 1972/32 | 1910736 { 1270/37 | 920/42 | 75748
! Houston X0 7 3 448 | 1200/47 | 1522147 | 177342 | 1807/40 | 1827141 | 1685/42 | 1470042 | 127540 | 924/47 | 72082
' Kingsville 278° 91 116145 | 1434/42 | 166242 | 1863/36 | 203536 | 2110/32 | 1921734 | 1624/38 | 1300v37 | 1034/44 | B40v48
Lubbock k] M 10. 1331720 | 1761724 | 2166/22 | 2394/22 | 254321 | 2410/23 | 2207/24 | 1819427 | 1467727 [ 1118284 934131
| Ll < +312° 79 1000/49 | 137542 | 162342 | 1865/40 P 2054/38 | 2005/36 | 106238 | 1520/40 | 1340/38 | 96242 | 767148
1 Migiand e 1382/29 | 1838/23 | 2191722 | 2429/21 | 2561/20 | 238W23 | 2208724 | 1843/28 | 1521727 [1176/28 | W31
. Port Arthur F. 1 M A 1070147 | 135345 | 160944 | 1860739 | 2000/37 | 1845/41 | 1735/41 | 1520/¢1 | 1321/38 | 952148 | 754/81
San Angeio 4 96130 | 1207/38 | 1605/33 | 1845/34 | 2030/34 | 218531 | 2121/32 | 1085/32 | 180637 | 1334/38 | 104337 | 804/30
i San Antonio 208° 89548 | 1254/44 | 1449/41 | 1811/44 | 1503/30 | 2068/34 | 2120/32 | 1946/33 | 1634/37 | 134037 | 1006142 | 340748
waco ne 832147 | 109544 | 142740 | 1811/42 | 177342 | 2111133 | 212032 | 1957/33 | 160037 | 1301/37 | 958/42 | 80248
i Wichita Fails. 340° 86141 | 1122030 | 1471/87 | 1782137 | 2016/34 | 2220/31 | 2165/31 | 1968/32 | 1601/36 | 1291/34 | 954/38 | 79041
UTAH . {
; Cedar City nr B81/31 | 117930 | 1634/25 | 2081/23 | 2466/20 | 2704/18 | 2502720 | 2240121 | 196719 | 145921 | 992728 | 70533
I Sait Lake City 08 B838/44 | 988/37 | 1453730 1!!93!2’a 2361723 | 2550121 | 250818 | 225220 | 184220 | 1293/24 | 78738 | 570/48
' VEAMONTY
! Burlington 4“5 2558 | 6788% 1065/48 14431« 1766/41 | 194930 | 1950/38 | 1872138 | 126448 | 83448 | 43158 | 328D
VIRGINIA
Mt Weather »1° 634148 | 1010/38 | 1246/42 | 1526/44 | 1873/39 | 1935/40 | 1580/40 | 1585/44 | 1382/42 | 1036/41 T4548 | 910/44
| Nortoik TN 87848 | 93248 | 1280/42 | 1676/30 | 1886/38 | 1900/38 | 1852141 | 87941 | 139541 | 1082141 | 81141 | 623/48
| Richmnnd ars’ 631/50 | 876/48 | 1210/45 | 1565142 | 1781/42 | 1871142 §77344 | 199944 | 1347/44 | 1032/44 | 732047 | 564751
' Roanoke b 373 66040 | 89047 1235045 | 1581742 | 178342 | 188141 | 179542 | 1919044 | 1357144 | 1080/41 | 764/45 | 590/50
. WASHINGTON N -
Olympia 470° 76988 | 50180 | 'B44/S5 | 1255/50 | 1631/48 | 199247 | 1912/38 | 1548442 | 115645 | 636/58 | 33044 | 22180
L Peosser 48.2° 431/50 | 81837 | 1284/31 | 21921124 | 2271124 | 2507122 | 2008/19 | 2227/18 | 168020 | 1010731 | 501/48 | 36981
Puiiman “r 45347 | 67148 | 109541 | 1681733 | 1998733 | 2520121 | 260318 | 203524 | 1578/24 | 944134 | 542144 | 354/63
Richiand @3 31784 | 74144 | 1228/38 | 1721/32 | 190237 | 2385/28 | 2124/32 | 2216/18 | 1430132 | 84%42 | 45783 w58y
Seaitie a4’ 28885 | S0US8 | 97347 | 1460/41 | 1847/38 | 1921/40° | 2090132 | 168538 | 120041 | 987/51 | 391/S7 | 236/67
) Spokane ar 31482 | 606/51 | 1080/44 | 1494140 | 1917/36 | 208238 | 2355/24 | 1941/29 | 1434131 | 840/40 [ 397/68 | 25584
. Tacoma a2 26288 | 49560 [ B4/54 | 120348 | 171342 | 180144 | 2246:28 | 181540 | 1146/45 | 956/54 ( 337/64 | 21171
Whidhey s 43 293/85 | 5385 | 917/50 | 1345/45 | 1760/40 | 1820/45 | 1981/35 | 1502/40 | 117340 | 85563 | 35780 | 23347
| WEST VIRGINIA
! Chariesion e 498/80 | 706/ 1009/54 | 135580 | 1639747 | 177445 | 1682147 | 151447 | 127548 | 971148 | 61358 | 440%2
| Parxersburg . »3 527158 | 745/5&1 1113748 | 1397/48 | 1795/41 | 1994/38 | 1939/38 | 1784/37 | 1453/38 | 1047/41 | @16/53 | 487/68
! WISCONSIN .
[ Eau Qlaire “ue- 45253 | 74648 | 10894 | 1425/45 | 1680/45 | 1870/42 | 188540 | 1610/41 | 1196/45 | 826/48 | 45057 | 341180
| Green Bay 445 451/53 | 72548 | 110344 | 1438/48 | 1718/44 | 1906/41 | 1887730 | 1621/41 | 1217/44 | B20747 | 48558 | 350/69
La Crosse Qar 4B1/51 | 764148 | 110045 | 1426/45 | 1712144 | 1904/41 | 189030 | 1885/40 | 1242144 | B93/48.| 494/55 | 36058
| Madison Qe Y1550 | BOM4S | 1135/44 | 1307:48 | 1742/42 | 1947/40 | 1933/38 | 1707/38 | 120041 | 91044 | 504/88 | 3657
| Milwaukes @2 £70/54_{  736/49 | 1088/48 | 1441145 | 1767/42 | 1976739 1960/38 | 171038 | 1300041 | 907/44 | S24184 | 37HE0
WYOMING - .
? Cpsper o 68234 | 101230 | 1441729 | 1846:29 | 2202128 | 2500122 | 2533118 | 2224/20 | 1749121 | 1218/24 | 784/32 4 593758
! Cheyenne 491 76531 | 1067/30 | 1432:31 | 176933 | 1994/34 | 2257/30 | 222028 | 196530 | 1666/27 | 1241727 | 822732 | #7133
' Lancer - 428° 84819 | 118318 | 1662118 | 203822 | 2158/29 | 248023 | 2389/23 | 213023 | 1711723 131210 | $7423 | 728022
Laramie 413 826/25 | 109928 | 156324 | 183631 | 202033 | 2311/28 | 2166/30 | 1930/31 | 154832 1M76/30 | 83731 | 67532
' Rk Spr ngs “ae 73433 | 108828 | 1530125 | 194327 | 2343:23 | 2573120 | 2546119 | 2238720 | 1832119 [ 1305722 | 826/31 | 650134
! Shendan “p 517/45 | 78742 | 1204/38 | 1537/40 | 1882138 | 215633 | 2327/25 | 2005/27 | 1500} 1005/34 | 590/44 | 441147
[
i ALBEATA
! Edmonton 338 32830 | 64932 | 1150128 | 1522134 | 1876/38 | 1891/41 | 1939/37 |- 150841 | 1090/40 | 8II/30 [ 40038 | 24544
' t ethpridge a“aer 42138 | 774/ /:25312’ 154837 | 1917/36 | 213833 | 2249/28 | 1917728 | 1364/31 | 88533 | 51837 | 33248
ol
SAITISH COLUMBIA
vancouver "o 280183 87 | 589/82 | 126448 | 172542 | 1777145 | 2000/36 | 1467145 | 920/54 | S90VSE | 3souse | 20647
. MANITOBA Nk \
! il 587 24023 | 55323 | 112418 | 1640/24 | 1880/33 | 1954/38 | 1862138 140142 | 82948 | 42453 | 22Was 42
h an 4833 829/27 |, 1338/23 | 1618/33 | 1880/37 | 193540 | 2094/32 1740034 | 117941 756/42 | 439/48 | 33944
U owew SRUNSWICK -
! Monetan 1| Te9se 664155 I 1069144 | 1640145 | 1622146 | 165948 | 1733745 | 1512145 | 114348 | 774148 | 405/58 | 332/57
NEWFOUNDLAND . .
E St Jnhns 4758 29584 | 55158 | BA%S5Y | 1180/53 | 1475/50 | 1585/50 !62%/“ 1253/54 | 1032150 | 627158 | 29547 | 25884
. ONTARIO .
' Cttawa LY R 53142 | B413T | 123538 | 148641 | 1832138 | 2057/38 | 2016/38 | 1729/37 | 1309/38 | B15/48 45355 | 402/50
i Sap.sskasing “we 0545 | 70039 | 114334 | 136445 | 1512.48 | 1770/45 | 1770142 ] 147545 | 995/50 | S90/56 | 29584 295/53
i Teaor 1 Qar 4655 | 525107748 | 137247 | 176242 | 1917:40 | 1943/38 | 1600142 | 1268/42 826/48 | 45358 |- 350/60
QUESEC
! Mont e o 455° 40556 | 71M45 | 118038 | 143542 | 173242 { 1806/44 | 1880/40 | 1622/40 | 114347 L 737151 3691“' 295/83
L IO B G i IS 0 RN R T S -
‘ . LI © N
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ASSIGNMENT SHEET #1 “

! Q
e

COLLECTOR TILT FACTORS

LATITUDE | Jan | FEB| MAR| APR | mav| June| suLy] auG | sepT] ocT | Nov | DEC

24 1131 109| 104 | 100 097| 096 | 097] 100 | 104 | 110] 112 ] 115

COLLECTOR | 3 134 | 124 | 111 | 099 [ 083 094} os2| 098 | 111 | 128 | 134 | 142

AT, - 15 a© 167 | 141 ] 123 101 | 090 090 | 083 102| 121 | 142 | 173 | 176

18 . “ 218 | 164 | 15 |«110 |'096| oso| o9s| 108 | 143 173 256 | 256
g 2 131 | 121 108 | 095 | o87| oes| o087| o094 | 108 | 121 128 ] 137
S COLLECTOR | 3 156 | 139 | 116 | 097 | 079| 076 | 078| 096 | 15| 145 | 156 | 17
LATITUDE w #95 | 155 128 | o098 | 075| 075 | 074| 100 | 125 | 157 | 205 | 210

é @ 253 [ 180 | 157 | 108| 090| 074 089| 105 | 140 | 190 | 263 | 304

24 140 | 125| 106 | 080 o070 067 | 070| 079 | 105 | 127 ] 136 | 150

COLLECTOR | 32 169 | 145 | 113 | o089 | 059| o055] 058 088 | 112 | 154 | 168 | 189

LAT + 15 40 211 t 60 125 09y 067 065 066 092 123 163 224 230

o 272 | 185} 154 | %100 | 079 o65| o078 097 | 145 | 198 | 284 | 334

. 2 110 | 1071 103 | 100| 097| 09| 097 100 103| 107 | 109 | 112
OLLECTOR | 32 127] 120 | 109 | 098 | 093| o9s| os2| 097 | 109 | 122 | 126 | 133

LAT - 1 w 1521 133 | 118 | 098 | 089 | oes | oss| 100 | 116 | 134 | 158 | 161

1 . " 193 | 150 | 142 \)e 094! o078 | 093! 104! 135 457 | 202 | 223
E 20 124 | 116f 106 | 0% | oes| oss| oss| 094 | 105] 117 | 120 | 128
a °°'T"'|LET°1°' z 144 | 131 | 112 f 096 |, 079 076 | o078 | 095 | 111 | 136 { 143 | 158
LATITUOE 0. 7| 144 | 121 | 0% | 074 074 | 073| 097 | 119 | 146 | 184 | 187

§ @ 220 | 161 145 | 103 | 088 073 o87| 100 138 | 1| 23 | 260

- c 2 1322 | 119| 103 ) 08 | 072 o069{ 072| 079 | 103 | 120 126 | 138
OLLECTOR | 3 153 | 136 | 109 | 089 | 059| 056 058| 088 | 108 | 142 | 152 [ 170

‘\ LAT. + 15 “ 185 | 147 | 118 | 088 | 067] 066 | 066) 090 | 115 | 150 | 198 | 203
P~ “w 234 | 164 141 | 095 | 078 o064 | 077 093 | 134 ] 175 | 248 | 282

. 2 107 | 105 102| 100 | 098 gm oo8| o099 | 102 105 108 | 109
COLLECTOR | 32 120 { 115 | 108 | 097 | 93| G5 | 092 06 | 108 [ 117 | 119 | 125

LAT - 15° |« e 138 | 125 113 | 096 | 0B8] Ceo | osa| o098 | 112 | 126 | 145 | 148

g w 169 | 135 | 133 102 | 092| 077 | om | 100 127 | 142 ] 177 ] 190

£ Y 117 | 11| 104 ] oo [ ose| o067 | ose| oe3| 103 192 113 /zo
= COLLECTOR | ar 131 | 124 | 107 | o094 [ 079 078 | o078 | 094 | 107 | 128 | 1300 140

) LATITUDE 40 153 1 132 | 114 | 093 | 073 | 074 073 095 | 1192 | 135 | 163 | 185
§ pre 187 | 142 | 134 | 099 | 06| 072 | o085 | 097 | 128 | 151 | 98 | 216

2 122 | 113 100 | o8 | 073| o7 | 73| 07| 100 | 113 ] 196 | 125

COLLECTOR | 32 137 | 126 | 104 | 088 | 059 | 056 | 0s8| 087 [ 103 | 130 | 136 | 150

LAT. + 15 w 160 | 134 | 110 | 086 | 066 | 066 | oes| oss | 108 | 137 | 172 | 178

@ 196 | 143 120 [ 091 | 077 | o064 | 076 | 080 | 123 | 152 | 209 | 2m

24 104 | 103 101 | 100 | 098] o097 | 098] 099 101 | 103 | 104 | 108

°°';:-LET°:°" 3 192 [ 191 | 104 | 09 | 093] 096 | 092 096 | 104 | 111 | 112 | 118

LAT ~ 15° w 124 | 117 | 108 | oo4 | 088 | osgJ.087| 096 | 107 [? 13 | 13

o« 144 1 122 | 124 | 098 | 090 | 075 [™Beg | o087 | 119 [ 787 | 153 | 157

. 24 110 ] 107 101 | 094 | 090| 089 | 096 093 | 100 | 107 | 106 | 11
. P COLLECTOR | 32 119 [ 116 | 103 | 093 [ 079| 077 | 078 | 093 { 103 [ 117 | 118 | 126
LATITUDE “w 133 | ree 107 | 090 | 073 | 074 | 072 | g3 | 106 [ 123 | 142 | 143

§ . @ 155 |"125 | 122 | 094 |{ 08| 070 | o84 | 003 | 118 | 131 | 166 | 172
colLecror | 2 [ 12| 108 | 098 | 080 | 07s| 073 [*G75 | 079 | 097 [ 106 | 105 | 113

v 32 1211 117 | 099 | 087 | 060 | 057 | 059 | o086 | 099 | 118 | 119 | 13

LAT. + 18° 4. ] 135 | 120 | 102 | 083 | 066 | 066 | 065 | 086 | 101 | 124 | 147 | 149

@ 158 | 123 ] 116 | 087 | 076 | o063 | 075 | 085 | 112 [*120 [ 171 | 178

4




ASSIGNMENT SHEET #1

. STUDENY WORKSHEET
CDA SUN-CHART CALCULATION WORKSHEET

* /
JOB COLLECTOR TYPE
LOCATION COLLECTOR TILT
LATITUDE APPLICATION
A ] C D £ F G H J K "\ RESULT
) COLLECTOR | COLLECTOR | AVERAGE | HORIZONTAL | cocecTor | incioent | coLLecToR b © LIS TOTAL
HEAT GAIN | HEATLOSS | DAYTIME SOLAR | TiLTFACTOR | ENeRGy INLET | COLUMN G 8 ; FOUND FROM ] ENERGY
FACTOR FACTOR AIR ENERGY [(FROMTABLE'l F D«x¢ TEMPERA COLUMN C Ax?H K = FIGURE 41 COLLECTED
{TABLES) | (TABLES) | TEMPERA {FROM | APPENDIX C TURE F F USING K SFxl
ORMFGS | ORMFGS | TURE F TABLES) - {TABLE 9) BIU SQ
L LT APPENDIX B F ~ FT DAY
"JANUARY, [ < .
FEBRUARY \ -
MARCH ’
APRIL ,
MAY
e ya
JUNE ‘
) »
JuLy r K
b 3 . -‘
AUGUST | . ’
SEPTEMBER - -
- ¥
OCTOBER !
3,
NOVEMBER .
) -
DECEMBER - ;
Worksheets are avadable upon request rdm Copper Development Assn Inc \ Courtesy Copper Development Association Inc.

1
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ASSIGNMENT SHEET #2

: Step 4: Find the combined space and water heating requirement for the month of March;
in the completed worksheet, this figure is 275,200 Btu/day

‘ (NOTE: This figure must be mterpolated from the chart in Flgure 1, Assignment
| Sheet #2.)

Step5: Make a preliminary estimate of required collector area by dividing 544 into
275,200; the answer is about 500 square feet

Step 6: Make a numerical check of estimated collector area by dividing the total solar
heat collected (1,715,720 Btu from the chart in Figure 1) by the annual heat
requirement (2,188,920 from the chart in Figure 1).

| Example: In any month, only that portion of the collectable energy which
v can be applied to the load.is considered; in May when only 68,950
Btu/day are required, only this portion of the avaulable solar heat

is applied to the toad

~ . For the sample Nashville application, the estimated collector area of 500 square
feet would supply 78% of the annual load (see the chart in Figure 1). Since this is
higher than desired, an adjusted collector area of 400 feet shouid be considered.
This yields a result of 68% of the total load supplied by solar energy, and is
consistent with the recommended guidelines of 60 to 70 percent. Another trail
can be made using 350 square feet of collector area. This yields 62% of the annual
heating requitement, so the collector selected should be between 350 and 400
square feet




" ASSIGNMENT SHEET #2

Step 7:  Check your calculations by drawing a graph to show the amount of useful solar
heat produced by the square footage of the collector area; in the example in
Figure 2, this availability of useful solar heatis indicated by the shaded area and is
based on 350 square feet of collector area

FIGURE 2

=== TOTAL SPACE ANO O H W HEATING REQUIREMENT
= == CALCULATED COLLECTOR PRODUCTION (350 SQ FT OF COLLECTOR)
ES USEFUL COLLECTOR PROOUCTION

450
400

350

300 | . - | /

: \
250 ‘ // \ .
- / N\
N\
200 , \ / \

THOUSANDS OF 8TUs PER DAY

150

AN
;m ‘\\\\\
AR
§§§§§\\

\
J A S 0 N D

. -MONTH
Courtesy Copper Development Association Inc.
Assignment: Refer to the worksheet you completed in Assignment Sheet #1 and size a
collector for the application assigned for that activity; interpolate from the chart in Figure 1
as required or make new entries for Btu/day requirements as your personal worksheet
dictates; sketch a graph to check your calculations and model it after the graph in Figure 2.
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LOAD CALCULATIONS AND SOLAR COOLING
UNIT I .

NAME
" TEST

1. Match the terms on the ri}-t with their correct definitions.

a. British thermal unit; the amount of heat” 1. Psychometrics
required to raise ‘the temperature of one
pound of water one degree Fahrenheit

——————

R-value

b. British thermal units per hour; unit used to
express hourly heat flow

L4

Load

Heat loss -
c. The air temperature as measured by an

o o s w N

ordinary thermometer Btuh
d. The air temperature as measured by a ther- Dry-bulb
mometer whose bulb is covered with a wet temperature
cloth or wet wick and moved in air that has a
. velocity of one thousand feet per minute 7. Cfm
e. The amount of heat lost through all building 8. Nomogram -
. surfaces, walls, floors, doors, and windows .
: exposed to outdoors or to adjoining spaces 9. Refrigerant
with di fferent temperatures o,
10. Wet-bulb
f. The amount of heat galned through all - temperature
building surfaces, walls, floors, doors, and
- windows exposed to outdoors or from ad- 11. Absorbent
joining * spaces with different temperatures .
- 12. Heat gain

9. The total heat loss and heat gain of a/struc-
ture expressed in Btuh; this-calculatigrs used
to size heating and cooling equipmgfit

r{. Controlled air brought into a structure
Uncontrolied air that leaks into a structure

i
j. The amount of water vapor or moisture that is
present in the atmosphere or any material

k. The percentage of moisture in the air com-
pared to the total amount of moisture the air
could hald at the same temperature and
barometric pressure

I. The science of Rasuring and changing the
properties of air




m. The science of heating and cooling with 13. Tonof

o . liquids - refrigeration
n. A chart which can be used with a straightedge 14. Ventilation'
to determine the square footage requirements

ofacollector  * 15. Hydronics
0. A substance used in refrigeréting mechanisms _—
to absorb heat in the evaporator 16. H”m'd'ty‘
"’ p. A liquid which combines chemically with  17. Btu
a refrigerant and causes heat to bereleased in
the process of combination ’ 18. Relative
: ‘ humidity .
q. The rating given to a material's ability to
resist heat transfer. 19. |Infiltration
r. Cubic, feet per minute 20. Chiller -

s. A refrigeratiné effect equal to 12,000 Btuh

t. The component in an absorption cooling
unit which absorbs heat from the circulating
water supply

2. Solve the following problem concerning considerations for establishing*heat require-
ments for solar water heating: An application for a solar hot water heatiny system will
have a water- supply from a deep well; will this make the task of determining the .
temperature of the inlet water supply easier or more difficult, and why?

L

&
3. Solve the following problem concerning the concept of degree days and its formula:”
The mean temperature on a given day is 47°F; what would be the number of degree
days for this specific calendar day? .

4. Solve the following problem concerning the concept of the degree day adjustment
factor and its application: If the heating requirement for a given solar system appli-
cation has been established at 28,000 Btuh, and the degree day adjustment factor has
been established at 1.7, what would the adjusted heating requirements be? , &

“\ .

. — ) - )
5 | pﬁ/ i
5. Solve the following problem concerning the sun-chart worksheet and its apglications:
Use of the sun-chart worksheet assumes certain characteristics of a solar system;

does one of those assumptions state that the collector must be an air-to-air type?

- —
T o

O , “




B. Solve the foIIowmg problem concernlng the procedure for collector sizing: As a rule
‘of thhmb what is a quick way to size a collector for a domestic hot water system?

)

v

7. Select true statements concernlng rules of thumb for solar refrigeration systems by
placing an "X" in the appropriate blanks.

a. Since refngeratlon systems affect cooling by removing water from the
air as it comes in contact with a cold, refrigerated surface, conventional g
vapor-compressor cooling systems using electric motors are adaptable
to systems using solar energy

. ' . ~
b. "‘Absorption systems are not adaptable to systems using solar energy

c. For economic reasons, the absorption systems appear to beé the most
usable in solar systems '

d. Absorption systems currently available include: .-
1. Lithium-bromide-water units ~ ‘

2. Water-ammonia absorption units ’ \

e. Water-ammonia absotption units are more commercially available than
other types of units

8. Complete the following list of statements concernmg basic concepts of solar cooling
with absorption systems.
L
a. Absorptlon systems are similar in pnncnple to an ordinary, electncally operated
vapor-compression

-

b. Instead of a refrigerant like Freon in a conventuonal air conditioner, inorganic
refrigerants, such as , are used in an absorption machine
together with an absorbent

c. An absorbent is a liquid which combires chemically with the
and releases heat from the fluid mixture in the combination process

d. In alithium-bromide-water unit, water is the refrigerant and the lithium-bromide
- isthe

- 3
e. In an ammonia-water unit, ammonia is the refrigerant and water is the absorbent

9. Match the types of lithium:bromide-water units on the right with their characteristics.

a. Cools air which contacts the cooling coils 1. Water chiller
b. Cools water which contacts the cooling 2. Airchiller
coils




10. Select true statements concerning operating principles of an absorption air condition-
er by placing an "X" in the appropriate blanks. . ‘

a. The cycle begins when water in the liquid mixture in the generator is boiled

offooand superheated with solar energy at a temperature between 170 and
210°F

b: The superheated water vapor passes from the generator to the condenser
where it is cooled to about 100°F by the cooling water from an outdoor
. cooling tower

\
c. The vapor condenses to a liquid and is then revaporized through sh expan-
sion valve which cools the vapor- Inqwd mixture t@ a temperature of 100°F
in the evaporatorcoils

d. The heat in the room air or water which is brought in contact with the
evaporator is removed by the cooled refrigerant in the evaporator

e. The refrigerant then passes to the absorber where it recombines with
the concentrated ammonia solution from the generator at a temperature
of about 100°F

f. Infthis recombination pfocess, refrigerant is released,/ and the water is
removed by the cooling water from the cooling tower

g. The dilute solution of lithium-bromide and water in the absorber flows
by gravity, or is pumped back to the generator, and the cycle is repeated \

h. Some ammonia-water systems use a recouperator as a heat exchanger
to make thesystem thermodynamically more efficient

.~

11. Circle timgwords which best complete the following statements concerning syster
flow in a water chiller application. . E

The absorption chiller should be situated (away from, close to) the hot water
storage tank to minimize heat loss from the pipelines connected to the tank-

Hot water from the top of the storage tank is pumped through the (generator,
condenser) by pump (P-2) and retumngd to the bottom of the tank; note that the
piping connection goes th rough the aux lsary boiler

- When the (water, temperature) in the storage tank is insufficient to operate the

absorption chiller, the auxiliary boiler is used to pr'ovide heat to the generator

When the auxiliary boiler is used, the three-way. valve at the bottom of the aux-
iliary boiler circulates the retum water only through the alxiliary boiler so °
that auxiliary energy (is, is not) used to heat the solar storage tfnk
Pump size and head depend on the (flow, heat) rate and pressure loss through
the system and also the size and length of piping

A wet cooling tower is needed with the absorption chiller to dlscharge the (water,
heat) from the condenser and the absorber to the atmosphere

Iy



~

The (flow, size) of the cooling tower depends on the size of the absorption
machine and the wet-bulb temperature of the ambient air

A pump {P-3) is needed to circulate thé cooling‘wat.er from the (tower, gen;fnf\(
ator) through the absorber and condenser of the absorption machine

Chilled water from the 'evaporator is circulated to the fan-oil unit to cool the air
in the (cooling tower, rooms)

. Solve a“‘problem co'ncerﬁing evaporative cooling with rock-bed storhge: Would you
recommend an evaporativé cooling system with rock-bed storage for an application
in Phoenix, Arizona, and why or why not?

-

. Complete a sun-chart worksheet for a specific sola[ application.
. Size a solar collector for a combination DHW and space heating solar system.

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)




LOAD CALCULATIONS AND SOLAR COOLING
4 UNIT 1 ’

ANSWERS TO TEST

17
5
6

10.
4

12
3

14
19
16

b and amd
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T Te mpopow®
"®S0DO33—X

N=~IN—=0O0®
ow | -

-

Easier, because deep wells produce water at a relatively constant temperatyre

18\Begree days

. Somebody has made a mistake in calculating the degree day adjustment factor be-
cause it can never be more than 1.0, so the adjustment factor will have to be calcu-

lated again

No - i . °

. Size it so that it supplies 100% of the heat requirements for the month of Maq

. ¢d ‘ ' . ) ; .
Air conditioner

Water and ammonia

Refrigerant

Absorbent

. a 2

b. 1

,b,dg

Close to . Heat
Generator, . Size
Temperature . Tower

Is not i Rooms
Flow :

Yes, Phoenix is in a semi-arid region with cool night and low wet-bulb temperatures

. Evaluated to the satisfaction of the instructor

Evaluated to the satisfaction of the instructor
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#RsIVE SOLAR AND OTHER SOLAR CONCEPTS
~ UNIT IV M

—

UNIT OBJEGFIVE

-

After comgletion of this unit, the student should be able to discuss features of passive solar
design, how these features can be used to complement each other, and thff characteristics of
other passive solar concepts. The student should also be able to list the functions of com- -
ponents in a photovoltaic solar system, discuss basic rules for solar access planning, calculate
shadow patterns, orient and landscape a model house and lot for maximum solar- berefit,
and build and operate a solar still. This knowledge will be evidenced by correctly performing
the procedures outlined in the assignment and job sheets and by scoring 85 percent on the

unit test.

4 : SPECIFIC OBJECTIVES

*

After completion of this unit, the student should be able to:

~

» 1. Match terms related to passive solar and other solar concepts with their correct
definitions. N

~2. Select true statements concerning orientation for natural ventilation.

K - -
¢ 3. Solve a problem concerning the impo!'tance of wall-roof ratios.

- 4. Complete a list of statements concerning ways to use atriums in passive solar
design, '

8, Circle the words which best complete. statements concerning the uses of earth
berms in passive solar applica%ns. N

6. Complete a list of statements concerning entry locks and their uses in passive salar
design. . - )

<

7. Select true statements concerning greenhouses and their uses as entry locks
in passive solar design.

.

. ** 8. Solve a problem econéerning wihdow shutters and their uses in passive solar

ﬁ design. , .

' !
9. List six passive solar design features that function to complement each other.

10. Mptch other passive solar éonoepts with their characteristics.
~e
11. Arrange in order the process for making photovoltaic solar cells.

12. State how a.photovoltaic solar cell works.

o

13. Match components of a photoveltaic system with their functions.
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14.

16.
17.

18.
19.
20.
21.

22.

23.
24.

Match terms concerning solar access with their definitiorns.

-

Complete a list of statements concerning solar azimuth and its use in solar access
planning.

0
e

?
Circle the' words which best complete statements concerning rules of thumb
for planning solar‘access.

Select true statements concerning s%\pac,e and its usg in solar access planning.
I

Match basic levels of solar access with their requirements.
Select true statements conéerning shadow patterns and their significance.
List three tree characteristics that must be considered in solar access planning.

Solve a problem concernmg topography andits relation to selar skyspace

Complete a list of statements «concerning rgulatlons and codes afféctlng solar
applications, .

Calculate the shadow pattern of a pole.

.
_Demonstrate the ability to:

a. Orient a model house and Iandscabe a model lot for maximum solar benefit,

Ty

" b. Build and operate a solar still.

A
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

Al

- SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information, assignment, and job sheets.

Make transparencies.

Discuss unit and specific objectives.

Discuss infermation and assignment sheets.

Discuss and demonstrate the procedures outlined in the job sheets. ~

Locate homes or businesses in your area that use passive solar concepts gffectively,
and plan a field trip to two or three of the installations; earth-sheltered homes,
effective earth berms, ar‘ Thrombe walls provide gooMubjects

Invite a Iocal or area bunldmg inspector to discuss building codes and regulations
that affect solar installations in your area.

Have students investigate the status of solar access laws in your state and make
reports in class; local state..{_presentatwes or state senators can usuallysprovide
this information. ~

Visit a local greenhouse or invite the owner of a local greenhouse to talk to the
class about the value of solar energy and how it affegts to the economics of
greenhouse operation. )
Assign groups of students to report on other energy and conservation devices, con-
cepts, and techniques related to solar; such information is available from the
Conservation and Renewable Energy Inquiry and Referral Service, P. O. Box
8900, Silver Springs, MD 20907; this organization also has a toll free telephone, .
1-800-523-2929, to answer questions about energy and conservation; speclal
reports might include:

A. Winq energy
B. Photovoltaic energy - ~ .

C. 'Bio-mass energy (wgod and other nonfossil fuels) - -

» I
D. Solar ponds '
Y
E. Hydro-electric energy T~ \ oo
‘ Ae
F. Ocean thermal energy . \

Give test. . -
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INSTRUCTIONAL MATERIALS
’ﬁ

Included in this unit:

A. Obijective sheet

B. Information sheet

C. Transparency masters

1. TM 1--Passive Solar E)esign with Comp[em;xaw Features -
2. TM 2--Photovoltaic System |
3.‘ TM 3--Solar Skyspace.AngIes

D. Assignment Sheet #1-Calculate t'he Shadow Pattern of a Pole

E. Job sheets

@

1. Job Sheet #1--Orient a Model House and Landscape a Model Lot for
Maximum Solar Benefit

2, Job Sheet #2-Build and Operate aSolar Still \
F. Test
G. Answers to test. -
References: - 5

A. Logan, Joe D. Solar Energy: Passive Systems. St. Louis, MO: Milliken
Publishing Co., 1980.

B. The American Planning Association. Protecting Solar Access for Residential
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Itaics Solar Electric Power Systems.
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F. Solar Energy Research Institute. Phot.
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

INFORMATION SHEET

Terms and definitions . \ K

A.
B.

Atrium--A hallway or small court usually used as an entry way

Earth berm--Earth placed around exterior walls to provide protection from
extreme temperature changes, heavy winds, and air infiltration; may reach to
window level, or, in the case of an earth-sheltered structure, it may cover
three sides and even the roof

Earth contact--Structures that use ground mass temperature to help heat in
winter and help cool in summer, and usually constructed with a berm that

abuts but does not cover the house to leave space for window light and
ventilation )

Entry lock--An entrance-exit area constructed with two doors so arranged
that when.the outside door is opened, the second interior door is closed to
prevent the infiltration of outside air into the interior of the structure, and
the outside door is closed before the interior door is opened to further
confine infiltration to a minimum

Natural otientation--The careful attention to site planning that physically
places a home so it can best take advantage ©of local geographical, meteoro-
logical, and ecological patterns .

(NOTE: This usually means south facing windows for maximum winter
sunshine, and summer cooling with prevailing southwesterly winds, few
or no windows facing prevailing -winter winds from the northeast, and
the advantageous use of deciduous trees to the south and west for summer
shade and winter. sunlight with evergreens north and east to shield against

_ winter wind,)

-

Clerestory window--A vertical window placed in a wall or 2 roof; it permits a

\Qatural light supply to the interior; it is frequently placed above one's line of
vision . *

Photovoltaics--The science of producing electrical current and voltage
from sunlight through a conversion medium of silicon solar cells

Q
Solid-to-void ratio-The relationship of solid materials to open spaces in a
storage facility; usually expressed in percentages.

a

Example: A storage facility with a 30 to 70% solid-to-void ratio means
that 70% of the storage volume is occupied by solid materials
and 30% of the storage volume is occupied by open or void

spaces in which air can be stored or through which air can be
moved
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INFORMATION SHEET

'
i

Orientation for natural ventilation

A.

B.

e L

Prevailing summer breezes can be used to cool a home

The ideal orientation of the side of the house through/which the breezes
should enter is an oblique angle 20°.to 70° between the wall and wind
direction (Figure 1) _

(NOTE: Your local weather bureau can give you the prevailing winds in
your area, and a local airport has extensive knowledge concerning local
wind patterns.) -

FIGURE 1

«  Courtesy U.S. Department of Energy

Try to retain a south-facing orientation for large window areas

To protect facades from winter winds, locate evergreens, fences, and earth
berms on the north side of the home

(NOTE: This orientation may vary to northeast or northwest depending
on prevailing winter winds.)

On a south-facing hill, breezes tend to move up the hill during the day and
down the hill at night

Near a body of water, breezes move from the water to the land during

the day, and move in a reverse pattern at night ’

Natural ventilation and cooling can be increased by using casement-type
windows or partially-opened shutters on the windward side of the house

(NQTE: Casement windows and shutters form projections which create

mini-pressure zones in front of the window openings, and actually increase
the velocity of the breeze passing into the openings.)

1.6




 INFORMATION SHEET

The importance of wall-roof ratios

A

During the winter months, a large amount of heat loss in a home occurs
through exterior walls and partlcularly through.and around windows and
doors in those walls

A rectangular housé configuration incpeases foof area and decreases wall
area; this is advantageous because it isfossibléNp include more insulation in
the_roof than in the walls

Brior rooms with less
ed, yet still provide

-"Courtesy U.S. Department of Energy

.”< Ways 10 use atrlums in passive solar design

A
- home

An atrium should be designed so that it is central to the other rooms in the

,l

Windows should be»exposed to the inner atrium instead of to the outside
to obtain a significant réduction in heat loss through windows and walls
(Figure 3)

FIGURE 3




INFORMATION SHEET

Even if the atrium is unheated, the skylight will warm the atrium to a
temperature higher than that outside in winter

Double or triple energy savings can be experienced if the atrium is used with
insulated shutters as a passive solar collector

Heat gain in summer weather can be reduced if proper sun control and
shading devices are used

The uses of earth berms in passive solar applications !

A.

_ liveable (Figure 4)

Earth-berming and the introduction of below-grade living spaces requires
careful attention to waterproofing, foundation dramage insulation, exits and
entrances, and humidity controt

Earth-berming homes requires special attention to moisture proofing, ro-
dents, insects, and even tree roots

Earth is usually not a good insulator; its major benefit is its capability to
moderate temperature change and provide protection from cold winter
winds

(NOTE: The insulating properties of earth vary with locale and appllcatnon
so the general rule stated above does have exceptions.)

From four to five feet below grade, earth has a relatively constant tempera-
ture of 55°F, and a duct with a small fan located in the berm can provide a
simple passive cooling system

When bedrooms or other living areas are located bélow grade, the amount
of excavation need not be increased, but the first floor is$ raised slightly to
provide a minimum 7'-6" ceiling height; this height will accommodate 2'
high clerestory windows and make the below grade living areas much more

+

FIGURE 4

Courtesy U.S. Department of Energy

1
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INFORMATION SHEET

When conventional windows are used, say with 3' high sills, earth can be
bermed to the first floor sills (Figure 5)

FIGURE 5

Courtesy U.S. Department of Energy.

Maximum utilization of passive solw obtained with an earth berm
that reaches to the roof eave; ventilation becomes an important concern in
this design, and attention to ground water pressures and waterproofing are
especially importent (Figure 6) *

FIGURE 6

i~
A -
Sen

Courtesy U.S. l:.).épartme"nt of Energy
3

Entry locks anid their uses in passive solar design

A.

Large amounts of heated or cooled air may escape from a home each time_
a door is opened directly to the outside; entry locks decrease this heat {oss

and heat gain

An entry lock is designed to provide two doors, only one of which is nor-
mally open at any moment, separated by a small unheated or uncooled

air space
&
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C.. Anentry lock may be designed into the ihterior of the house (Figure 7)
FIGURE 7 Jroy-— e cnn

L= ‘
a— ul 0

4 O\ El @
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Courtesy U.S. D§partment of Ene‘rgy

D. An entry lock méy be designed onto the exterior of the house or added
to an existing house (Figure 8)

FIGURE 8

Q %Q -

”"v‘?(?ourtesy U.sS. Department of Energy

VII. ‘ Greenhouses and their uses as entry locks in passive solar:design (Flgure 9)

A. " An entry lock designed as a greenhouse takes advantage of radiation through
large glass areas .to keep ratures at reasonable levels, even without
., supplementary heating, in'winter

B. By adding plants and other insulating and shading devices, én entry lock
greenhouse can moderate heat gain in summer

C. "An entry lock greenhouse increases the thermal reslstance of the outside
envelope of a house by

-

1. Increasing the outside temperature of the main exterior wall in cold
weather and detireasing it in warm weather

2. Reducing infiltration losses around doors and windows

150
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o

D. When so designed, an entry lock greenhouse can be utilized year round
for growing vegetables and other plants

FIGURE 9 .

Courtesy U.S. Department of Energy

‘ VIl Window shutters and their use in passive solar design (Figure 10)

A. Shutters must have genuine insulating value; the best shutter is one with a
wood face and an insulating core

FIGURE 10

Courtesy U.S. Department of Energy
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l INFORMATION SHEET
‘ ) B. Shutters should be opened in relation to sun movement (Figure 11)
' FIGURE 11
; Location of Shutters Winter Opening Time | Summer Opening Time
! East wall 8a.m.-11 a.m. 1 p.m.-4 p.m.
. South wall 8 am.-4 p.m. 7.9 a.m,;3-5p.m.
West wall 1 p.m.-4 p.m. 8am.-11am.
North wall Any 3 daylight hours 8 a.m.-7 p.m.
IX. Passi\{e design features that function to complement each other (Transparency 1)
A, Ong-story rectangular configuration ~
B. Minimum perimeter distance
C. Window shutters
D. Atrium and entry locks
E. Earth berming .
F. Maximum insulation in roof and walls
G. Weatherstripping and storm windows
(NOTE: These features have been tested in a test situation in New York
stale and, in combination, have reduced heat loss by more than 30%, re-
duced heat gain by more than 20%, and reduced hot water eo‘csts by more
- than 35%.)

a

o

- 11'4)
Vo




RS-171

. INFORMATION SHEET

X. Other passive solar concepts and their characteristics

A.

Solar window shutfer--This hinéed shutter can be inclined to the appropriate
radiation angle; it retains solar radiation and has operable vents to facilitate
heat transfer into the room when the shutter is closed (Figure 12)

FIGURE 12

Courtesy U.S. Department of Energy

Solar window unit--This collector incorporates collection, storage, and direct

venting into the room; would probably have to be used in a southeast room
(Figure 13)

FIGURE 13
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Solar cotlectors on earth berms--Thfberm angle should be the same as
the average solar radiation angle for the locale; unit is self-contained and heat
is transferred into the home by convection and by manually-operated vents
(Figure 14) —

FIGURE 14
WINDOW
e
WARM AIR DUCT ™\ :
L\ SOLAR
ROCK STORAGE BIN——)-fs TN COLLECTOR
T ’ b ‘( 7% & Em ‘
VN B a4 EARTH BERM
COOL AIR RETURN DUCT- e

Courtesy U.S. Department of Energy

Thrombe, wall--A thick wall, usually of concrete or Brick, that functions
as a natural collector and storage area combined and takes advantage of the

convection tendencies of heated air to circulate warmed air through a space
(Figure 15) - .

FIGURE 15
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Courtesy U.S. Department of Energy
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The process for making photovoltaic solar cells

A.

SLURRY WITH
CUTTING COMPOUND

Silicon crystals obtained from sand. go through_ an extensive purification
process
-

Silicon crystals are grown in cylindrical ingots from purified molten silicon
{Figure 16)

FIGURE 16 u

MOLTEN |,
SILICON

Courtesy Solar ‘Energy Research Institute

The cyfindrical ingots are then sliced into wafers (Figure 17)
FIGURE 17.

r
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'

Courtesy Solar Energy Research Insfitute

D. The wafers are then connected and formed mto easy to handle modules

(Figure 18) i ' '
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How a photovoltaic solaP cell works

-

A. When sunlight strikes the solar cell,.internal electrons are energized and
electricity is generated ‘

B. Useful electricity is drawn off through wires attached to the cell
Components of a photovoltaic system and their functioris (Transparency 2)

A. Solar cells-Supply a fixed current through interconnections between mod-
ules or arrays of modules ~

B. Storage batteries-Act as buffers between the solar cell array and the load,
the device using electricity; supplies power to the load during periods of
insufficient sunlight and recharged during periods of high sunlight

C. Blocking diode--That part of the power conditioning equipment which
prevents battery current frogn draining back into the agray at night when the
system is not producing power

D. Voltage regulator--That part of the power conditioning equipment which
prevents the batteries from overcharging, a condition which shortens battery
life ' .

E. Inverters-That part of the power conditioning equipment which changes
the direct current produced by the photovoltaic array into alternating
current - ¢ ,

F.  Storage/backup system--An arrangement in a larger photovoltaic application

whereby.a local utility purchases excess electricity produced by the system

during,sunny days, and supplies the user with electricity during cloudy days
or at night when the system require&more electricity than it can produce

»

Terms concerning solar access and their definitions

A. Solar skyspace--That portion of the sky a collector must "see" to perform
effectively , .

v s
B. Solar time--Time expréssed in reiation to thé position of the sun in the sky .

C. Solar noon--The iimé at which the sun is at its highest point in the sky

(NOTE: Local time is often different from solar time; in other words,
" at solar noon the sun is'at its highest pdint, but this time might not corre-
sbond with noon local time.)

D. ~ Winter solstice--December 21; the time when the sun-is at its lowest altitude
in the sky and shadows are the longest -

E. Summer solstice--Usually June 21; the time when the sun Is at its highest
altitude in the sky and shadows are the shortest

@ L

1",.
- (¥ N




™
. INFORMATION SHEET {H ’
XV. Solar azimuth and its use in solar access planning ’

A. Solar azimuth is measured from true south, with a negative value to the east
and positive value to the west .

(NOTE: Do not confuse solar azimuth with true or magnetic north which
is what azimuth means when used in a navigational sense.)

B. Since solar access planning involves protecting solar collectors from obstruc-
tions lying to the south of the collectors, the concept of a true south solar
azimuth.makes it easier to determine skyspace and analyze shading and the
casting of shadows (Figure 19) .
Example: At 40 degrees north latitude on December 21, the altitude of

LA the ;sun at funrise is a large negativewene, 59 degrees to
the east of south, or a conventional azimuth of 121 degrees;
- the azimuth increases until it reaches the same positive
azimuth as its negative rising azimuth, +59 degrees west of
south, or a conventional azimuth of 239 degrees; in summer, -
the solar azimuth increases to a -121° at summer sunrise and
) a +121° at summer sunset
FIGURE 19 ) .
-
]
SUMMER
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'4
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. SUMMER ; ~ 59° WINTER
sunser 121" w SUNSET

‘.

Courtesy U.S. Department of Energy




i

XVI.

/

ST e TN /

XVIl.

INFORMATION SHEET

3

Skyspace and its use in solar access planning _

A

45°

D.

The angles of solar altitude and solar azimuth define skyspace, and it is
skyspace that must be protected from shading by trees, buildings, or other
obstructions

The altitude of the sun on December 21 and June 21 determines the upper
and lower boyndaries of needed skyspace

45 degree solar skyspace azimuths are suitable for latitudes up to 40 degrees
north (Figure 20) -

FIGURE 20

Solar Skyspace (Plan View)

s
\ \\
} % SKYSRACE

DUE SOUTH
BEARING

Courtesy U.S. Department of Ener%y

At latitudes beyond 40 degrees north, solar skyspace azimuths should
be 50 degrees for both a.m. and p.m. angles (Transparency 3)

Rules of thumb for planning solar access

A.

In most cases, it is the”lowest altitude of the sun reached on December
21 that is most important for protecting solar access

On December 21, shadows are the longest, and it is usually safe to assume
that if longer shadows do not shade a collector, then shorter shadows will
not shade it, either

It is not necessary that solar collectors be guaranteed access to the sun from
sunrise to sunset because solar altitudes below 12 degrees are essentially
useless for solar energy collection purposes

It is almost impossible to maintain complete open space from horizon
to horizon around a solar collector ’

158
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E. The solar skyspace that must be protected is also dependent on the nature of
the solar energy system being used, and the time of day and season of the
year in which it is to be used (Figure 21) -

"FIGURE 21

Skyspace and Solar Energy Use Table

Use Skyspace

Hot Water Heating | Year-round—use lowest winter
and highest summer altitude to
determine skyspace

Space Heating Heating season only—use lowest
winter and medium spring/falt
altitude to determine skyspace

Air Conditioning Cooling season only—use medium
: spring/fail and highest summer
altitude to determine skyspace

v

»Courtesy U.S. Department of Energy
XVIIl.  Basic levels of solar access and their requirements (Figure 22)

A, Roojtop protection--Protects the sunlight falling on south-facing rooftops of
new dwellings and apartments constructed in a community

3 v Mt N -

B. South wall protection--Protects south walls of new construction
o

-

C. South lot protection--Protects part of a lot adjacent to a south-facing wall
. M “é 1"1

150




178

XX. Tree characteristics that must be considered in solar access planning gy,
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’ v

D. Detached collector protection--Protects part of a lot for use by detached
solar systems

FIGURE 22

Courtesy U.S. Department of Energy

XIX. Shadow patterns and their significance
»

A. A shadow pattern is the composite shape of a shadow cast by an object
over fixed solar azimuths

B. A shadow pattern represents every spot shaded by an object dtmng an

v entire time period, although only a small portion of shadow pattern will be °
shaded at any given time

C. Winter shadow patterns are most valuable because they represent the worst-
possible-case, and when solar access is protected in winter, it is usually
protected in summer

D. Shadow pattern data, whether collected by aerial photographs or taken in a
- car with a "windshield survey," should be taken at least three times; morn-
ing, noon, and afternoon on December 21

E. Shadow patterns may be calculated by formula or by using shadow length
N tables

(NOTE: A sample procedure for calculatlng shadow patterns follows in
Assignment Sheet #1.)

A.  Mature height of trees of a species
B. Mature diameter of the tree crown

C. Seasonal variations in foliage, taking ihto account the distinction between
deciduous species, most of which shed leaves-in autumn, and evergreen or
copifers which mostly do not shed leaves

7
/
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INFORMATION SHEET

D. Thedistance from the ground to the crown (Figure 23)
FIGURE 23

=g
.

N2/ -
m__ (B

SUN SHINES UNDER BRANCHES — 'SUN SHINES THROUGH
: MORE RADIATION REACHES {=N HRANCHES — LESS RADIATI
COLLECTOR REACHES COLLECTOR

Courtesy U.S. Department' of Energy’

XXI. Topography and its relation to solar skyspace

A. Changes in topography do not change solar skyspace, but it can change
the distance between the ground and the lower edge of the skyspace

-~

B. A south slope automatically aims its collector higher, so neighboring objects
can be higher without casting shadows on it

C. A collector on a north slope will be aimed toward the crest of a hill, so even
very short objects may cast shadows on the collector (Figure 24)

’ FIGURE 24

<=N

FLAT LAND Y

DISTANCE A IS GREATER THAN B. AND B IS GREATER THAN C.
- Courtesy U.S. Department of Eri‘ergy~ ’
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INFORMATION SHEET

Regulations and codes affecting solar applications

A.

Solar access laws--Laws passed by state or local governments; these’ laws
restrict the building of structures that would block neighboring sites from
access to the rays of sunlight

Solar easements--State or local laws which set specific space requirements for
solar access in much the same manner that easements are set aside for
utilities

(NOTE: A model ordinance for soiar access laws and solag easements is
available from HUD User, P. O. Box 280, Germantown, MD 20767.)

State and local building codes--Codes setting up standards for plumbing,
electrical, mechanicat, ahd general structural component quality of structural
materials;"some codes have been modified to expressly treat solar applica-
tions and others have not; it is always best to check local codes, in particular,
before starting a solar application

Guidelines for solar collector installation on roofs--Since solar systems
require maintenance, considerations must be given to the placement of
collectors; rooftop traffic pads have to be installed so maintenance personnel
can walk around the collectors, collectors must be a safe distance from the

edge of the roof, and installation procedures should respect the integrity of .

the roof

P

(NOTE: These guidelines were prepared by the National Bureau of Standards -
and are available from the Superintendent of Documents, U.S. Government .
Printing Office, Washington, D.C., 20402.)
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Solar Skyépace Angles

Solar Skyspace (Plan View)
~ N

Recommenqed Skyspéce Angles for December 21st

AM/PM Position®

Solar Skyspace (Isometric View)

Summer
Sun
Path

o

‘Summer

g8

:n /, 4}\\\\\\
S 2oz

: Noon
‘ W'gffn' 450
3PM ’
Path

¥
4

Percent
Latitude Azimuth Altitude Noon Altitude Radiation***

25° 45° 25 a2 76%
30° - as° 20° 37° 80%
s as 16° 32 85%
a0 . a5 12 27 T 90%
a5 (50°) (12 2 88%
as (50%) (12%) , 18 87%

The AM/PM angtles presented in this char; are the same for both east of south and west of south For
example, if the skyspace azimuth 15 50°, then the protected area goes from 50° east of south to 50° wes

of south.

*“The 50° azimuths are not based on December 21st, but are suggested as a compromise to assure solar
access during the entire heating season exclusive of the winter solstice period Similarly, the 12 degree -
altitudes apply only to those months when the sun's path is 12 degrees above the horizon within the 50

degree azimuth angles.

. 7**Radiation 1s based on the percentage of total available radiation falling on a horizontal surface on
December 21. Example: If the skyspace between 45° east of south and 45° west of south s protected at
30° latitude, then 80% of the available radiation will strike the collector If the collector is tilted, then

. these percéntages may be even higher

Courtesy U.S. Department of Energy
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV .- ’

ASSIGNMENT SHEET #1--CALCULATE THE SHADOW PATTERN OF A POLE

Directions: Use the shadow length table and the procedure in the foIIowmg example to
calculate and diagram shadow patterns of a pole. .

DATA: Pole is 30 feet high, location is 40° north latitude, and the pole is on land that
slopes to the southeast at a 10% grade; all data is for December 21

. Shadow Length Table for 40° North Latitude
l s
LATITUDE 40° 13
N . . NE E SE S
SLOPE AM NOON PM AM NOON PM AM NOON PM AM NOON PM AM NOON PM
0% 48 20 48 48 20 48 48 20 48 48 20 48 48 20 48
5% 5.7 2.2 57 48 2.2 62 41 20 5.7 3.8 1.9 48 4. 18 4.1
0% ' 72 25 7.2 48 23 91 36 20 72 3.2 1.8 48 36 17 36
%% 96 29 96 48 26 166 32 20 91 28 17 48 3216 3.2
20% 145 84 14548 28 975 28 20 145 24 1.6 48 28 15 28

¥
STEP 1: From the above table, find the shadow length values for a.m., noon, and p.m.

STEP 2: Read the intersection of the columns labeled "SE" and "10%" as mducated on the
shadow length table '

STEP 3: Multiply all values by, in this case, 30, because the values given in the table are for
a one-foot pole

a.m, value x  pole height = a,m. shadow length
3.2 ‘ 30 96 feet
noon value x  pofe height = noon length
18 30 54 feet ’
p.m. value x poleheight = p.m; length
4.8 30 144 feet
g '-”\/
\
ot IR
e
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ASSIGNMENT SHEET #1

.
* .

Scale the shadow lengths-out on paper as vnewed from overhead and connect the
end points as shown in Figure 1

FIGURE 1 Shadow of pole on Dec 21 at 40° Latitude
on a 10%S.E Slope -

45? boupdaries of skyspace are used to define area *
of 'shadow thag will block |mportant sunlight.

S

Courtesy“U.S. Depirynent of Energy

STEPS: Your instructor will-provide’ you with the height of three poles in the, VICInlty of

your classroom, and may assign actual-or imagined grades to the land thevﬂe on;

assume & latitude of 40° porth, calculate the a.m., noon, and p.m. shadow lengths

gs shown in STEP 3, and scaje the.shadpw patterns to form diagrams as shown in
TEP4 s

\
a -

(NOTE Use graph paper the same size as that used by other students so that -

' your scale’ diagrams can be compared with those of other students when the
activity is completed.) . .

¢ - - .

\a
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PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

Ce . - JOBSHEET #1--ORIEN'RA MODEL HOUSE AND LANDSCAPE
y A MODEL LOT FOR MAXIMUM SOLAR BENEFIT

. I.. Tools and mate;ials .
~ S . -
) A. Scissors / o
B. Tape y
" C. Straightedge |
D. "Worksheets A, B, and C
Worksheets
ek E. Lamp for light source
. Proceduse

A. Cut and fold the model house in Worksheet A, and assemble it without
taping

* B. Plgce the fofdeé modekhouse oRy the model plot plan in Worksheet B
C Determi;le the best location for ropm, window, and door blacements

b D;’( Unfpid the mo({!el house.and draw in the indows and doors ,
E.. Refold the mode; h?use and tape it together o

F. Tape the roof in place

r] .

%. Place the taped model house on the plot plan .

¢« H. Cut out the model trees and shrubs in Worksheet C and fold the bases
I. Tape toothpicks to the back of tree modols% give them a,éd strength

" ¥ ). - Use as many tree models as you feel fre pecessary for the site, and tape all
. additional models into place as they shomﬁl be in summer weather _°

-

(NOTE: Remember that most deciduous trees lose their leaves in autumn.)

o

K. Set the light source from the lamp at the approiimate angles the sun would
. have in sumier N . ’

[
L2 a

- P }L Check the effectiveness of summer shading on your model )
o3 '

’ hl

<+ '

M. Remove the decidumfs summer trees and .replace them with deciduous
\vinter tree models : : :

N . . : »

- ‘\' ,’ ‘ L



+  JOB SHEET #1 *

N. Set the light source from the lamp at the approximate anglés the sun would
have in winter

*

0. Check the effectiveness of available sunlight for your winter model
P.  Answer the following questions: D T " L

1. How does your model house pare to those of other students in
placement of windows and doors

} ~
& / ! x
2. In which direction should the largest roof overhang face to take advan- -
tage of winter sun while avoiding summer sun?

i

] . ~
3. If an earth berm were recommended for your model house, -where
would you place it? =~ - ' R
LN "' " -

4. |If your model lot were on a south-facing hill, would that, affect the

orientation you selected?
¥

5. Explain your answer to question 4;

»

1

) 6. If your model home site had a lake one-quarter mile due west, would
that affect the orientation you selécted?

7. Explain your answer to question 6.

- . ' -

8. What kind of windows and window arrangements would you recom-
mend for your modei home? ‘

- R e M e g s oA e
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JOB SHEET #1 e

i

WORKSHEET A *

| Roof #2
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JOB SHEET #1

3

b
WORKSHEET B

-

—

*

000 pance (Indicate Height)

O —————

Driveway.

T ——————————————
—————
—————

. Sidewalk




SHRUB

[FOLD UNDER

LARGE DECIDUOUS
-SUMMER.
(FOLD UNDER)

JOB SHEET #1

WORKSHEET C

SMALL DECIDUOUS
SUMMER
(FOLD UNDER}

'EVERGREEN
"'(FOLD UNDER)

WINTER
[FOLD UNDER)

[smait oeciouous )

LARGE DECIDUOUS .
-WINTER.

(FOLD UNDER)

RS-193
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. ' PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV

» JOB S:EET #2-BUILD AND OPERATE A SOLAR STILL
‘ '
I.  Tools and materials . . . .
A. Strong, flexible, transparent plastic sheet at least Tm (39-in;f:hes) square
. (NOTE: Plastic storm window covering will do.) - ;
" B. §e‘vera£ fist-size rocks . . ‘
i 'oC Shovei )
» D. Two’therﬁmeters
| E. Wristwatch or stopwat(;h
F. Piece of cardboard large enough to cover half a thermometer
o G. Gréph paper , Zé’ |
‘ H.  Collecting vessel q%aduated cylinder _
1.y Cobalt chloride ;’é,s"';l’,baper (optior:al) ,
J.  Protractor ;;I’j,’ ’i ' 1
-» ¢ Il.  Procéddure ’, Ifx .
. A" Dig a hole #bout B0cm (32") in diameter and 30cm (12") deep, and place
- the soil to om";ide «\ ] ) .
ES ‘ ‘ \‘
< ! .

" e 27
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' JOB SHEET #2

B. Center the graduated cylinder or collecting vessel in the bottom of the hole_

(Eigure 1) .
FIGURE 1 ' , .
- h THERMOMETER SHOULD
CARDBOARD — COVERED BE COVERED ‘
BULB THERMOMETER . BY SHEETING . - ,

Courtesy- U.S. Department of Energy

— -
- C. Place the plastic sheet over the hole and flrmly anchor one edge with small )
rocks . \
‘ y . D. Place one small rock in the, center of ttle plastlc sheet dlrectly over the \

, collecting vessel, while allowing the plastlc sheet to stretch to at’ Ieast a34°
\, angle from the horizon %

| T S
(NOTE: Have another student help with this step; one should manage the
weighted plastic sheet while the other uses the prqtractor to properly attdin

the rlght angle.) . %

" E. Seal the other edge of the plastic sheet with soii and small rocks - . \
F. Insert.one thermometer under the plastic sheet with the bulb extending
o " -into the air chambgt-beneath the plastic sheet >~ ’ ..

.
[ ’ . . .

(NOTE: Be sure to position the thermometer so the scale can be read.}

. G. Place the other th&(rhometer at the other edge of the sheet, cover the half of
| T \ " the /thermometer with the bulb on it with cardboard, and position the
thermometer so the scale can be read ) ’

H. Simultaneously record the, temperatures of both the inside and the outside
thermometers at two-minute intervals

. . o 1eu . o '

. i 3 . ! LR




JOB SHEET {\

Enter (our readings in the following data table:

e

~

ﬁeadiné # Inside Thermometer Outside Thermometer

1

S W N

8 . -t

9 : : '

10 C . { l

Remove the plastic sheet a\fter 20 minutes have passed * .

2
1

Retrieve the collecting vessel

Pour the contents of the collecting vessel inte a graduated cylinder and
record the amount of liquid collected in milliliters (ml)

Check the quuxd collected to determine its identity

(NOTE: Cobélt chlo’;ide paper may be' used'for this test, but chances are you

- can identify the liquid yith no great difficulty.)

Fill in the hole and return’ the sr{ovel and other' equipment to a proper
storage area -8

Answer the following questions: - ; .- B
1. Where did the water come from? ° :

2, Whydid thatate} collect on the underside of the plastic sheet?

-~

)

o

. =
3. Why did the water drip into. Ehe collecting vessel? 2

Vo .




a

If you were stranded in the desert w h no water, and had the proper
equipment in your survival gear, what would you do?

hat do the readings in y;)ur data table reflect concerning the opera-
tion of a solar still?




a. A hallway or small-court usually used as an 1.

. Earth placed around exterior walls to provide

. Structures that use ground mass temperature

. The science of producing electrical current

PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
UNIT IV -

NAME

TEST

1. Match the terms on the right with their correct definiti?ns.

Entry lock
entry way

Atrium

prétection from extreme temperature changes,
heavy winds, and air infiltration; may reach to
window level, or, in the case of an earth- Natural -

sheltered ' strycture, it may cover threeisides Orientation
and even the roof SRR

Photovoltaics ‘ .

W N

o

Earth berm

Clerestory

to help heat in winter and help cool in sum- window

mer, and usually constructed with a berm that :
aluts but does not cover the house to leave 7. Earth contact
s&;e for window light and ventilation -
‘ ) ) 8. Solid-to-void S o

. An entrance-exit area constructed “with ra’tfo PP =

two doors so arranged that when-the outsidé' - e -
door is opened, the secokd interior door is ~ .
closed to prevent the infiltration of outside

air into the interior of the structure, and

the outside dpor is closed before the interior T

door is opened to further confine infiltration v
Qa minimum.

. The careful attention to site planning that

physically places a home so it can best take g

advantage of local geographical, meteorolog- -

ical, and ecolagical patterns . -

A vertical window placed in a wall or a roof; -
it permits a natural light supply to the interior;

it is frequently placed above one's line of

vision '

and voltage from sunlight through a conver- ‘T
sion medium of silicon solar cells \

. The relationship of solid materials to open

spaces in a storage facility; usually expressed

in percentages v ‘ oo o L,




Select true statements concerning orientation for natural ventilation® by placing an " X"
in the appropriate blanks. :
¢

Prevailing summer breezes can be used to cool a home

. "The ideal orientation of the side of the house through which the breezes
should enter is a right angle 20° to 90" between the wall and wind directidn

Try to retain a north facing orientation for large window areas

. To protect facades from wunter wmds locate evergreens, fences, and earth
-Berms on the north side of the home 7

On a south-facing hill, breezes tend to move up the hill during the day and
down the hill at night .

Near a body of water, breezes move from the land to the water during
the day, and move in a reverse pqttern 3} night

Natural ventilation and cooling can be increased by using casement-type
windows or partially-opened shutters on the windward side of the house

Solve the following problem concerning the importance of wall-roof ratios: A rectan-
gular house configuration increases roof area and decréases wall area; it also provides
interior rooms with less exposure to the outside; what are the advantages™ offered by
these two condltlons?

2

L 4
o
i’

E] ) . N
Complete, the following list of statements-concerning ways to use atriums in passive
solar design.

An atrium should be desugned so that |t is to the other :

rooms in the home
-

. .
should be exposed to the inner atrium instead of to the
outside to obtain a significant reduction in heat loss through windows and walls

Even if the atrium is unheated, the 1 will warm the atrium
to a temperature higher than that autside in winter \

Double or triple energy savings can be experienced if the atrium is used with
. as a passive solar collector i )

in summer weather can be reduced if proper sun control
and shading devices are used y

130
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i
’ !
. 5. Circle the words which best complete the following statements concerning the uses of
h earth berms in passive solar applications. |
- ‘ !
.. a. Earth-berrging and the introduction of below-grade living spaces requires careful
attention to waterproofing, foundation drainage, insulation, exits and entrances,.
. and (temperature, humidity) i

:
I

b. Earth-berming homes requires special attention to moisture proofing, rodents,:
- i

insects, and even (temperature change, tree roots)

Earth is usually not a good insulator; its major benefit is its capability to moder-

ate temperature change and provide protection from (tornaglogs, _cold winter ;
winds) ‘

From four to five feet below grade, earth has a relatively constant temperature of

(65°F, 55°F), and a duct with a small fan located in the berm can provide a
simple passive cooling system

When bedrooms or other living areas are located (above, below) grade, the
amount of excavation need not be increased, but the first floor is raised slightly to
provide a minimum 7'-8" ceiling height; this-height will accommodate 2' high
clerestory windows and make the below grade living areas much more liveable

When (conventional, clerestory) windows are used, say with 3' high sills, earth .
can be bermed to the first floor sills

* g. Maximum utilization of passive solar can be obtained with an earth berm that
reaches to the roof eave; (light, ventilation) becomes an important concern in this °

. . . = . . |
= - ~design, and-attention to ground water préssures and waterproofing are especially i
important g

6. Complete the following list of statements concérning entry locks and their uses in !
. passive solar design. '

i
? -

a.  Large amounts of heated or cooled air may escape from a home each time a door ; \

. is opened directly to the outside; entry locks decrease “is heat loss and {

; {

; !
b. An entry lock is designed to provide two doors, only one of which is normally . \
N . ' open at any moment,“separated by a small unheated or uncooled - |

\
b -
= .

1 \ c. Anentry lock may be designed into the interior of the house

d. , Anentry lock may be designed onto the emterior of the house or

7. Select true statements concerning greenhouses and their uses as entry locks in passive
solar design by placing an "X" in the appropriate blanks.

a. An entry lock designed as a greenhouse takes advantage of radiation through
> large glass areas to keep temperatures at higher than average levels, even
. without supplementary heating, in winter

. . b. By adding plants and other insulating and shEding devices, an entry lock
greenhouse can moderate heat gain in summer

"

L9y o -
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10.

c. An entry lock greenhouse increases the thermal resistance of the inside
envelope of a house by

1. Increasing the outside temperature of the .main exterior wall in cold
weather and decreasing it in warm weather

2. Reduci’(g infiltration losses around doors and windows °

d. When so designed, an\entry lock greenhouse can be tilized in the summer
for growing vegetables and other plants ’ .

Solve the” following problem concerning window shutters and their use in pas‘sive
solar design: Window shutters are decorative, but they must have another genuine
value; what is that value and what type of shutter would best fylfill that value?

\

“
© .

List six passive solar design features that function to complement each other.

-

a.

b, - » ’

e. . .

4 14

f.

Match other passive solar concepts on the right with their characteristics.

ra. This can be inclined to the appropriate 1. Solar window
radiation angle; it retains solar radiation and shutter .
has operable vents to facilitate heat transfer -

. *into the room when the shutter is closed 2. Thrombe wall'

b. This collector incorporates ¢ollection, storage, & Solar
and direct venting into the room; would collectors on
probably have to be used in a southeast room - earth berms

c.’ The berm angle shou?ci be the same as the 4. Solar window N
average solar radiation angle for the locale; unit
unit is self-contained and heat is transferred . '

into the home by convection and by manually-

as a natural collector and storage area com-
bined and takes advanta}pf the convegtion

operated vents .
d. U'sually,tr concrete o ick, it functions ) ) ’

tendencies of heafed air tp circulate warmed _ -
air through a space N

: . foo . . :

.
. T - s

N
- ;




. 11. Arrange in order the process for making photovoltaic solar cells by placing the correct /’ .
' sequence number in the appropriate blanks. /

a. The cylindrical ingots are then sliced into wafers | /
. .

¢ . /
b. Silicon crystals are grown in cylindrical ingots from purified molten silico

c. Silicon crystals obtained from sand go through an extensive pyrificatign

) . , " process
d. The wafers are then connected and formed into easy to handle modJIés
’ .12, State‘howaphotovolta%c solar cell works.
- A . . ) ..
a - : a
b. . -
!\ ‘ . -
\‘ 13.  Match the compgne)xs of a photovoltaic system on the right with their functions. .
{ 1 * a. Supply e fixed current through interconnec- 1. Inverters
: tions between modules op.arrays of modules .. . -
‘ - ' ' 2. Blocking diode
b. Act as buffers between the solar cell array Y -
and the load, the devick using electricity; 3. Solar cells
. ’ supplies power to the load during periods of
insufficient sunfight and recharged during 4. Voltage regulator °
*periods of high sunlight
o .\ 5. Storage/backup |
¢. That part of the power conditioning equip- ~._ system . o
ment which prevents battery current from N

“draining back into the array at night when the 6. Stocage batteries
system is not producing power

d. That part of power condijioning equip-
ment which’ preavents the batteries from .

N overcharging, a gondition which shortens
\7 - Pttery life ' : .-
2 SO ~
. . ~ \\\

. e. That part of thé\power conditioning equip-

. . ment which chamges the direct current pro
duced by the phot i

nating turrent

)
An mangemen‘t in a larger photovoltaic "
. application whereby a local utility purchases .
Q excess electricity produced by the ‘system ' \
during sunny days, and supplies the user with
electricity during cloudy days or at night

, . when the system requires more electricity
- . than it can produce
“

- 93
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14, Match the terms concerning solar access on the right van their correct definitions.

15.

~6.

. 7.

. b\ Time expressed jn relation to the positigh of

;o .

a. That portion of .the sky a collector must 1. Solar noon
"see" to perform effectively

Summer solstice

the sun in the sky . Solar skyspace

2

3
c. The time at which the sun i its highest 4. Sofar time
5

pofht in the sky Winter solstice
d. December 21; the time "when the sun is ‘ .
at its lowest altitude in the sky and shagows ~

are the fongest

e. Usually June 21; the time when the sun

is at its highest altitude in the sky and shad- .

ows are the shortest \ . v . -
\

Complete the following I|st of statements concerning solar azimuth and its use in soIar
access plannlng .

Solar azimuth is measured
to the east and positive value to the west

, With a negative value

Slnce solar access planning involves protecting solar collectors from obstructions
lying to the soyth of the collectors, the concept of a true south solar azimuth
makes it easier to ~

and the casting of shadows - . . ..

Select true statements concernmg skyspace ar)d its use in solar access pIannmg by

plating an “X" in the appropriate blanks.

k]

a. The angles of solar altitude and solar azimuth define skyspace, and it is

obstructions ' )

b.f‘The altitude of the sun on December 31 and June 31 determines the upper
and lower boundaries of needed skyspace . ‘

c. 45 degree $plar skyspace azimuths are suitable for latitudes up to 40 degrees
north ” . |

d. At |atitudes under 40 degrees north solar skyspace aznmuths should be
50 degrees for both a.m’. and p.m. angles (Transparency 3)

Circle the words which best complete statements concernlng rules-of thumb for plan-

ning solar access. . N
a. 'In most cases, it is the (lowest, highest) altitude of the sun re3skstd on December
21 that is most important for protecting solar access
b. On December (21, -31) shadows are the longest, and it is usually safe to assume
that if longer shadows do not shade a collector, then shorter shddows will not
L shadt;)retther \ .

skyspace that must be protected from shading by trees, buildings, or other

S




*

c. It is not necessary that solar collectors be guaranteed aecess to the sun from
sunrise to sunset because solar altitudes below (12, 22) degrees are essentially

' useless for solar energy collection purposes

J

d. ‘It is almost impossible to maintain complete open space from horizon to horizon

. around (a solar collector, solar skyspace)

e. The solar skyspace that must be protected is also dependentbn the nature of the

. solar energy system being used, and the time of day and (month, season) of the
" year in which it is to be used o )

! e,

{
- a.

3™
b.
' C.

e

. - d.

18. Match the basic Ievels'of solar access on’ the right with their correct requirements.

Protects the sunlight falling on south-faxing 1. South lot
rooftops of new dwellings *and apartmefts protection
constructed in a community ’

. ’ 2. Detached
Protects south walls of new construction - collector
! protection '

Protects part of a lot adjacent to a south- .
facir'\gwaﬁ ! ' 3. Rooftop

protection
Protects part of a lot for use by detached 4. South wall
solar systems _protection

) . 19. Select true statements concerning shadow patterns and their significance’by placing an
"X" in the appropriate blanks.

: 4
a.

A shadow pattern is the colnposite shape of a shadow cast by an object over
fixed solar azimuths. - .

A shad pattern represents every spot shaded by an object during an
entire time period, although only a small portion of shadow pattern will be
shaded at any given time

Summer shadow patterns are most valuable because they represent the

worst-possible-case, and when solar access is protected in summer, it is
usually protected in winter '

Sﬁadow pattern data, whether collected by aerial photographs or taken in.g

car with a "windshield survey," should be taken at least two times; morning
ahd afternoon on December 21

’

Shadov\‘( patterns may be calculated only by using sh}:dow length tables

20. List three tree characteristics that must be considered in solar access planning.

i
- f ~

b.
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21. Solve the fojlowing problem concerning t0pography and its relation to solar gkyspace

A solar application dictates that the collector will be on a north slope aimed at the

\ crest of a hill; what shading and shadowing problems shxld be carefully considered?

'\
-

N

access in much the same manner that easements are set aside for

224 Qomplete the following I|st of statements concerning regulatlons and codes affectmg
solar applications. ' .

Solar access laws--Laws passed by state or local governments; these laws restrict
the building of structures that would block neighboring sites from access to

ey
. i

Solar easements--State or local laws which set specific space requirements for solar

-

State and Iocal bunldlng codes--Codes setting up standards for
, and general structural component

quality of structural materials; some codes have been modifiedy{o expressly treat
solar applications and others have not; it is always best to check tessdcodes, in
partlcular before starting a solar application

Guidelines for solar collector installation on roofs--Since solar systems require
maintenance, considerations must be given to the placement of collectors; rooftop
- have to be installed so maintenange personnel can

walk around the collectors, collectors must be a safe distance from the edge of the
roof, and installation procedures should respect the integrity of the roof

23. Calculate the shadow pattern of a pole.

24. Demonstrate the ability to: ’

, a.

b.

Orient a model house and landscape a model lot for maximum solar lgenefit.

Build and operate a solar still. . '

-*
A ]

(NOTE: If these activities have not beennaccomplished prior to the test, ask your
instructor when they should be completed.)




10.

a. 2
b. 6§
c. 7
d T
a,deg
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" PASSIVE SOLAR AND OTHER SOLAR CONCEPTS
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UNIT IV

ANSWERS TO TEST

.

It is impossible to include more insulation in the roof than in the walls, and window

area can be reduced, yet still provide major window exposure to the south

ocoe

aooe

aoe

b

Central

Windows
Skylight

Humidity'
Tree roots

Cold winter winds

55°F

Heat gaiﬁ
Air space
Added to an existing house

d.
e.

e.
f.

g.

Insulated shutters
Heat gain

Below
Conventional
Ventilation

{

Window shutters must have a genuine insulating value,.and a shutter with a wood face

and an

Any six ofthe following:

a@~rpaonoe

coow

oo U

ulating core would best fulfill that value

One-story rectangular configuration
Minimum perimeter distarnce

Window shutters
Atrium and entry locks

Earth berming
Maximum insulation in roof and walls
Weatherstripping and storm windows

¥
-

"4
3,
2

3
2
1
4

-

L
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13.

14.

15.

16.

17.

18.

19.
20.

21,

22.

23,
24.

.

a.  When sunlight strikes the solar cell, internal electrons are energized and electricity
is generated )
b. Useful electricity is drawn off through wires attached to the cell

a. 3 d 4

b. 6 e. 1

c. 2 f. 6

a. 3 d 5

b. 4 e. 2

c. 1

a. From true south ' y

b. Determine skyspace.and analyze shading

Fc
a. Lowest ) d. A solar collector
21 e. Season
c 12 :
a. 3 “ ]
b. 4
c. 1
d 2 ‘
a,b

Any three of the following:’

a. Mature height of trees of 3 species S
b. Mature diameter of the tree crown
c.  Seasonal variations in foliage, taking into account the distinction between decidu-
- ous species, most of which shed leaves in autumn, and evergreen or conifers which
mostly do not shed leaves
d. The distance from the ground to the crown

Even very short objects may cast shadows on the collector

a. TR® rays of sunfight

b. Utilities
¢. Plumbing, elec?trical, mechanical
d.  Traffic pads . N

Evaluated to the satisfaction of the instructor

Performance skills evalgated to the satisfaction of the instructor
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